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ABSTRACT 
Determining t h e  s p a t i a l  d i s t r i b u t i o n  of d i f f e r e n t  grades o f  housing q u a l i t y , '  
i n  p a r t i c u l a r  t h e  i d e n t i f i c a t i o n  of  areas where s tandards are low, is  of  con- 
s ide rab le  importance i n  t h e  f i e l d s  of  urban planning, geography, sociology, business ,  
and publ ic  hea l th .  
consuming, expensive, and f requent ly  inadequate. The purpose o f  t h i s  study is t o  
attempt t o  discover  s i g n i f i c a n t  c o r r e l a t e s  of  poor housing q u a l i t y  using d a t a  
obtained from multiband a e r i a l  photographs. 
t o  be a rap id ,  r e l i a b l e  and ob jec t ive  source of  housing d a t a ,  with an inherent  flex- 
i b i l i c y  f o r  changing t h e  boundaries of  t h e  s tudy area. 
Current methods f o r  evaluat ion of  housing q u a l i t y  are time- 
A procedure i s  developed which i s  claimed 
The conclusions drawn from t h e  ana lys i s  are represented i n  appra i sa l  forms,. 
similar i n  format t o  those  es tab l i shed  by t h e  American Public Health Association, 
containing s t r u c t u r a l  and environmental i nd ica to r s  of  housing q u a l i t y  which can be 
generated from t h e  multiband aerial .photographs. 
of low q u a l i t y  housing are found t o  be: 
The most cons is ten t  i nd ica to r s  
(i) t h e  presence of l i t t e r ,  garbage, wrecked o r  d e r e l i c t  cars, and p i l e s  
of  lumber and o t h e r  rubbish on occupied as well as vacant l o t s ;  
(ii) lack of  landscaping (shrubbery, pa t io s ,  and grass )  i n  yards and park- 
ways ( s t r i p  between street andesidewalk), presence of  weeds on vacant 
l o t s ;  
(iii) t h e  number of vacant l o t s ;  . . 
(iv) non-res ident ia l  hazards and nuisances,  including i n d u s t r i a l  p l a n t s  
(smoke, r e fuse )  and warehouses ( re fuse) ;  and ' 
(v) t h e  degree o f  lot-crowding, t h a t  is, lack o f  "free space" per  l o t .  
The above criteria have not  yet  been es tab l i shed  by statist ical  ana lys i s ,  .but, 
on t h e  b a s i s  of frequency of appearance per criterion, and level of a s soc ia t ion  per  
crieeria, t h e r e  are p laus ib l e  grounds f o r  s e l e c t i o n  o f  t hose  cri teria t h a t  are con- 
s i s t e n t l y  present  i n  low housing q u a l i t y  areas. 
/ 
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Determining t h e  s p a t i a l  d i s t r i b u t i o n  of  d i f f e r e n t  grades of  housing, 
i n  p a r t i c u l a r  t h e  i d e n t i f i c a t i o n  o f  areas where s tandards a r e  low, is of 
considerable importance i n  t h e  f i e l d s  of urban planning, publ ic  hea l th ,  
commerce, economics, sociology, housing, e t c ,  
a t i on  of  housing q u a l i t y  are both time-consuming and expensive. 
i 
r 4  I - 
Current methods f o r  evalu- 
The purpose 
of t h i s  s tudy is t o  attempt t o  discover  s i g n i f i c a n t  . .  c o r r e l a t e s  of housing 
q u a l i t y  using d a t a  obtainable  from a s e t  of multiband a e r i a l  photographs, 
and t o  produce a housing q u a l i t y  appra isa l  form based on t h i s  da ta .  
While it i s  evident t h a t  many of t h e  f ea tu res  r e l a t i v e  t o  housing 
q u a l i t y  are only t o  be observed i n s i d e  given r e s i d e n t i a l  u n i t s ,  t h e  
hypothesis i s  erected t h a t  these  i n t e r n a l  f a c t o r s  are cons i s t en t ly  
associated with o ther  ex terna l  c r i t e r i a  which may be observed from t h e  
air. When severa l  o r  more parameters a r e  taken i n t o  account i n  t h e  ana lys i s  
and i n t e r p r e t a t i o n  of  multiband a e r i a l  photographs, t h e r e  i s  need f o r  multi-  
v a r i a t e  s t a t i s t i c a l  ana lys i s .  
approach suggested here  provides a , r a p i d  survey method f o r  determining areas 
Unti l  such analyses are undertaken, t h e  
having t h e  g rea t e s t  p robab i l i t y  of exhib i t ing  'poor q u a l i t y  housing. 
Like most s tud ie s ,  t h i s  too,  is  t h e  product of a number of peoples' 
e f f o r t s  and ince l l ec tua l  s t imulat ion.  
D r ,  D. F. Marble who read and re-read t h e  manuscript, and who provided a 
number of cons t ruc t ive  c r i t i c i sms .  
t* t i o n s  during t h e  e a r l y  s t ages  of t h e  study. 
Special  apprec ia t ion  i s  due t o  
D r .  M. F. Dacey made a number of sugges- 
D r ,  E. G. Moore read an e a r l y  
d r a f t  of t h e  manuscript, and has 
occasions. 
served as a sounding board on a number of 
d 
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housing q u a l i t y  can be done by ob jec t ive  criteria, '  and i f  so, can an appra i sa l  
form, cons i s t ing  of  a number of ob jec t ive  cr i ter ia ,  be designed so as t o  lead t o  
some determination o f  housing q u a l i t y  from multiband aerial photography. b 
In  order  t o  s t rengthen t h e  o b j e c t i v i t y  scale (appra isa l  form), an attempt 
i s  made t o  provide q u a l i t a t i v e  s ta tements  as t o  t h e  r e l a t i v e  importance of d i f -  
ferent,imaged c h a r a c t e r i s t i c s  f o r  recognizing and measuring low q u a l i t y  housing. 
In  t h i s  way, it may eventual ly  be poss ib l e  t o  develop a procedure f o r  s t a t i s t i c a l l y  
weighting t h e  importance of  t h e  c h a r a c t e r i s t i c s  assoc ia ted  with housing qua l i ty .  
A major d i f f i c u l t y  encountered a t  t h e  ou t se t  o f  t h e  s tudy l a y  i n  a p rec i se  
determination of t h e  def in i t i .on  o f  housing q u a l i t y ,  
d i lap ida ted  housing are ca t egor i e s  def ined by t h e  United S t a t e s  Bureau of t h e  
Census, but a number of o t h e r  i n s t i t u t i o n s ,  groups and ind iv idua ls  who genera te  
Sound, de t e r io ra t ing ,  and 
. and u t i l i z e  similar d a t a  are i n  s u b s t a n t i a l  disagreement as t o  t h e  p r e c i s e  
'Multiband a e r i a l  photography i s  discussed i n  d e t a i l  i n  Appendix B, "The 
Electromagnetic Spectrum and Multiband (Mult ispectral)  Aerial Photography." 
Housing q u a l i t y  observat ions and inferences  are discussed i n  d e t a i l  i n  Appendix 
C , "Case Studies," and Appendix D , "Signatures . * I  
2U.S., Bureau o f  t h e  Census, Department of  Commerce, Papers Presented a t  t h e  
Census Trac t  Conference on September 10, 1965 a t  Phi ladelphia ,  Pa., Census Tract 
Pape? GE-40, No. 1 (Washington: 1966), p. 12. 
' U.S. , Bureau o f  t h e  Census 
f o r , ' t h e  1970 Census of Housing, 
U.S., Bureau of  t h e  Census 
Trac t  Conference December 28. 1 
#, Dept. of  Commerc 
Working Paper No. 
, , Depi. o f  Commerc 
961 Working Paper 
-J 
:e , Se l f  -Enumerat ion as 
24 (Washington: 1966) 
, e ,  Papers 'Presented a t  
' No. 12  (Washington: 1 . .  
a Method 
t h e  Census 
, p. 12. 
.962), pa 3-  
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* i  
d e f i n i t i o n  of  housing q ~ a l i t y . ~  Housing da ta  most f requent ly  presented by t h e  
Bureau of t h e  Census r e l a t e  t o  t h e  physical condition of t h e  housing u n i t  
together  with a descr ip t ion  of c e r t a i n  i n t e r i o r  facil i t ies,  e.g., plumbing 
faci l i t ies  i n  t h e  housing un i t .  .Sound, de t e r io ra t ing ,  and d i lap ida ted  housing 
4 
conditions are defined by t h e  Census (Housing) as follows: 
I 
Sound housing i s  defined as t h a t  which has no defec ts ,  or only s l i g h t  
defec ts  which are normally corrected during t h e  course of  regular  
maintenance. Examples of s l i g h t  defec ts  'include: lack of pa in t ;  
s l i g h t  damage t o  porch o r  s teps;  small cracks i n  walls, p l a s t e r ,  o r  
chimney; broken g u t t e r s  o r  downspouts; s l i g h t  wear on f l o o r s  o r  door- 
sills. 
c 
, pi 
Deteriorating housing needs more r e p a i r  than would be provided i n  t h e  
course of regular  maintenance. 
intermediate nature  t h a t  must be corrected i f  t h e  u n i t  is  t o  continue 
t o  provide safe and adequate s h e l t e r .  
defec ts  include: 
missing mater ia l s  over a small a rea  of  t h e  f loo r s ,  walls, o r  roof; 
r o t t e d  window s i l ls  o r  frames; deep wear on stairs, f loo r s ,  o r  door- 
si-11s; broken o r  loose s ta i r  t r e a d s  o r  missing ba lus te rs .  
are s igns  of neglect  which lead t o  ser ious  s t r u c t u r a l  de t e r io ra t ion  
o r  damage i f  not corrected.  
It has one o r  more de fec t s  of an 
Examples of intermediate 
shaky o r  unsafe porch o r  s teps ;  holes ,  cracks, o r  
Such defects  
'There are numerous publ icat ions which could be mentioned here ,  Several are . , 
r e fe r r ed  t o  as a means of ind ica t ing  t h e  scope of t h i s  top ic .  
Advisory Committee on Intergovernmental Relations,  Performance of Urban 
Functions: Local and Areawide, Report M-21-Revised (Washington: U.S. Government 
Pr in t ing  Office, Sept. 1963), pp. 232-234. 
I . b .  
' 1  
J . F. Kain, "Thk Development of Urban Transportat  ion Models" i n  Papers, 
U.S., Bureau of  t h e  Census, National Housing Enumerators Manual, Department 
Regional Science Association, Vol. XIV, 1965. See e spec ia l ly  fn .  22, p. 165. 
of Commerce. 
espec ia l ly  pp. 23-24, 86, 113, 114, 
log ica l  Review, Vol. 12, No. 2, April  1947. 
A Quanti ta t ive Analysis" i n  Economic Geography, XXXII. Clark  University,  Worcester, 
Mass., April  1956, pp. 95-114. 
Carol Aronovici, Housing t h e  Masses, John Wiley and Sons, Inc. New York, 1939. 
See qspec ia l ly  pp. 243-245 i n  Chapter X, "The Housing Survey and Housing Research." 
Form 8B-14, Mouse Division, F ie ld  Division, NOV. 1956. See 
Louis Wirth, "Housing as a Field of Sociological Research," American Socio- 
G.W. Hartman and J .C .  Hook, "Substandard Urban Housing i n  t h e  United States:  
1 
. *  
/4U.8., Bureau of t h e  Census, Department of Commerce, U.S. Census of Housing: 
196Q, Vol. 111, Ci ty  Blocks, Evanston, Ill .  Se r i e s  HC(3) No. 138 (Washington: 
U.S,* Government Pr in t ing  Office, 19611, p. x. 
F 
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Dilapidated housing does not provide safe and adequate s h e l t e r .  
has one o r  more cr i t ical  de fec t s ;  o r  has a combination of  intermediate  
de fec t s  i n  s u f f i c i e n t  number t o  r e q u i r e  extensive r e p a i r  o r  rebui ld ing;  
o r  it is of inadequate o r i g i n a l  construct ion.  Critical d e f e c t s  r e s u l t  
from continuous neglect  o r  i n d i c a t e  se r ious  damage t o  t h e  s t r u c t u r e .  
Examples of cr i t ical  d e f e c t s  include: ho les ,  open cracks o r  missing 
ma te r i a l s  over a l a r g e  a r e a  of t h e  f l o o r s ,  wal l s ,  o r  roof ;  damage by 
storm o r  f ire.  Inadequate o r i g i n a l  cons t ruc t ion  includes s t r u c t u r e s  
b u i l t  of  makeshift materials and inadequately converted cellars, sheds, 
or garages not  o r i g i n a l l y  intended as l i v i n g  quar te rs .  
I t  
. The plumbing fac i l i t i es  aTe categorized as follows: 
with aZZ plumbing faciZities c o n s i s t s  of u n i t s  which have hot  and cold 
piped water i n s i d e  t h e  s t r u c t u r e ,  and f l u s h  t o i l e t  and bathtub (or 
shower) i n s i d e  t h e  s t r u c t u r e  f o r  t h e  exclusive use  of  t h e  occupants 
of t h e  u n i t .  
t h e  persons l i v i n g  i n  t h e  one housing u n i t ,  including any lodgers  
l i v i n g  i n  t h e  u n i t .  
Equipment is f o r  exclusive use  when it i s  used only by 
b 
Lacking some or a21 facilities c o n s i s t s  of  u n i t s  which do not  have a l l  
t o i l e t ,  or bathtub (o r  shower) are included i n  t h i s  category.  
included a r e  u n i t s  whose occupants share  t o i l e t  o r  bathing fac i l i t i es  
with t h e  occupants o f  another housing u n i t .  
kcking some or a l l  facilities--with flush toilet c o n s i s t s  of u n i t s  
which do not  have a l l  plumbing faci l i t ies  but do have a f l u s h  t o i l e t  
i n s i d e  t h e  s t r u c t u r e .  The t o i l e t  may be for. t h e  exclusive use  of t h e  
occupants of t h e  u n i t  o r  shared with t h e  occupants of  another  housing 
u n i t .  
Lacking some or a l l  facilities--no flush toilet c o n s i s t s  of  u n i t s  f o r  
which t h e r e  is no f l u s h  t o i l e t  a v a i l a b l e  i n  t h e  s t r u c t u r e .  These u n i t s  
may lack o the r  plumbing faci l i t ies  a l so .  
, t h e  plumbing fac i l i t i es  spec i f i ed  above. Units without hot water, 
Also 
The problem a t  hand is  not  j u s t  one of semantics. The Building Commission 
of  t h e  C i ty  of Chicago has claimed t h a t  a weakness exis ts  i n  t h e  terminology 
used (sound, d e t e r i o r a t i n g ,  d i l ap ida ted )  and t h a t  t h i s  l i m i t a t i o n  has  r e s u l t e d  i n  
markedly d i f f e r e n t  eva lua t ions  f o r  t h e  areas studied. '  A' publ ica t ion  by t h e  Buil- 
ding Commission notes  t h a t  t h e  1960 Census on Housing recorded 34 of 59 dwelling 
u n i t s  i n  a block as d i l ap ida ted ,  while t h e  C i t y  of  Chicagots own inspec tors  
i 
I 
' 5City of  Chicago, Memorandum, A.H. Zimmerman t o .  G.L. Ramsay, Commissioner, 
Department of  Buildings,  "U.S. Department' of Commerce, Bureau of Census Criteria 
for 'Determining t h e  'Quality of Housing," May 10, 1962. 
/ *  
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c l a s s i f i e d  3 of  t h e  59 dwelling u n i t s  as di lap ida ted .6  This  p rec i se  d e f i n i t i o n  i s  
cr i t ical  with respec t  t o  publ ic  investment i n  urban renewal programs, e t c .  
3 
With respec t  t o  content o r  composition of  housing q u a l i t y  da ta ,  Twichell 
charges t h a t  t h e  Census on Housing does not secure enough information about t h e  
q u a l i t y  of dwellings.  t o  determine t h e i r  degree of conformity with modern housing 
 standard^.^ Houses may be wholiy free from t h e  de fec t s  reported by t h e  Census . 
and ye t  be unl ivable  o r  poor enough t o  provide problems o f  d e f i n i t e  concern i n  
publ ic  po l icy  decis ions.  
na tu ra l  l i gh t ing ,  some means of  egress  i n  case of  f i r e ,  s i z e  of rooms, o p e r a b i l i t y  
of plumbing, dampness, s p e c i f i c  f i r e  hazards and rat infesta . t ion.  
notes  t h a t  t h e  Census does not evaluate  t h e  physical  environment of  dwellings.  
The bes t  house may be u n f i t  t o  l i v e  i n  if lack of  surrounding open space robs it 
of l i g h t  and a i r ;  i f  nearby business,  industry,  o r  r a i l r o a d s  .create excessive smoke, 
noise ,  v ibra t ion ,  o r  odors; i f  ch i ldren  are forced t o  play i n  hazardous s t r e e t s ,  etc. 
.3 
Sign i f i can t  f a c t o r s  not  covered by t h e  Census include 
Twichell f u r t h e r  ' 
8 
. *  
i 
The American Public Health Association (APHA) has been, and is, a c t i v e  i n  
inves t iga t ions  of housing qua l i ty ,  and it has designed an appra i sa l  form which 
inves t iga to r s  may use  t o  a s s ign  a housing q u a l i t y  r a t i n g  t o  housing u n i t s .  The 
APHA, has attempted t o  design i t s  appra i sa l  form i n  such a manner as t o  make t h e  
appra isa l  procedure as ob jec t ive  as poss ib le ,  
need f o r  t h e  inves t iga to r  (enumerator) t o  express personal preferences o r  d i s l i k e  
for  a dwelling u n i t .  
This  involves a removal of t h e  
I "  
4 
'City of Chicago, Department of Buildings, "Comparative Study Census Tract 
7Allan A,  Twichell, "Measuring t h e  Qual i ty  of Housing i n  Planning f o r  Urban 
670, Block 9," May '1962, 
Redevklopment" i n  Coleman Woodbury (en, ) Urban Redevelopment:, Problems and 
Practices (University of Chicago Press: 19531, p. 21, 
c 
. L  
The APHA appra i sa l  form has met with considerable  approval,  but  i nd ica t ions  
a r e  t h a t  s i g n i f i c a n t  advances are s t i l l  t o  be made i n  terms of s a t i s f y i n g  t h e  demand 
f o r  housing q u a l i t y  da t a ,  depending upon t h e  agency using t h e  da t a ,  i t s  purpose, 
nature ,  and t h e  level of  r e l i a b i l i t y  required. '  Examples of some cur ren t  probl  
i n  t h i s  area are: c 
(1) t h e  need t o  genera te 'da ta  t o  s a t i s f y  Federal  o r  o the r  criteria, 
e.g., f o r  an urban renewal p r o j e c t ,  when it i s  not 'appropriate  o r  
poss ib l e  t o  use  t h e  money- and time-saving Census of  Housing da ta ,  
and when t h e  information obtained by t h e  APHA appra i sa l  method does 
not  s a t i s f y  t h e  cri teria f o r  rece iv ing  Federal  funds; 
Speed i n  acquir ing t h e  needed d a t a  set. 
p r a c t i c a b l e  abridgement of  t h e  APHA dwelling appra i sa l  w i l l  probably 
be one t h a t  t e l l s  l i t t l e  o r  nothing about t h e  adequacy of  r e p a i r  and 
' 
L 1  
10 
Twichell concludes t h a t  a 
6 
(2) 
4 
# )  s a n i t a r y  upkeep, Abridgement assumes. importance f o r  those  who are 
of  t h e  opinion t h a t  even a s l i g h t l y  quicker  o r  cheaper method might 
be advantageous when g r e a t  speed is  e s s e n t i a l  o r  when cos t  cannot be 
'F,or a d iscuss ion  of what the.  housing q u a l i t y  d a t a  set should conta in  see: 
Twichell, p. 35. 
U.S., Bureau of t h e  Census, Department of  Commerce, Papers Presented a t  t h e  
Census Tract  Conference December 29, 1958. Working Paper No. 7 (Washington: 1959), 
pp. 1-13. 
For a d iscuss ion  of  t h e  r e l i a b i l i t y  f a c t o r  see: 
I i  . *  
U.S., Bureau of  t h e  Census, Department of  Commerce, The Post Enumeration 
Survcy--An Evaluation-Study of t h e  1950 Censuses of Population and Housing, 
(Washington: 1960), p. 14 .  
U. S. , Bureau of  t h e  Census, Department of Commerce, Sampling Applicat ions i n  
Censuses of  Population and Housing, Technical Paper No. 13 (Washington: 1956), p.  2. 
U.S., Bureau of  t h e  Census, Department of Commerce, Self-Enumeration a s  a Method 
f o r  t h e  1970 Census of  Housing, Working Paper No. 24 (Washington: 1966), pp. 12-16. 
U.S., Bureau of t h e  Census, Department of  Commerce, Evaluation and Research 
Program of  t h e  U.S. Censuses of  Population and Housing, 1960: Accuracy of  Data on 
. Housing Charac te r i s t i c s ,  Se r i e s  ER60, No. 3 (Washington: 1964). 
I 
"City o f  Chicago, Department of Urban Renewal, Enumerator * s Manual f o r  Basic 
Stqdcture  Surveys (Chicago: Sept. 1963), p. 1. 
'1 V 
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11 spread among a group of eo-operating agencies;  
. (3) The need f o r  a more ca re fu l  d e f i n i t i o n  of "housing qual i ty ."  The 
APIIA is' c u r r e n t l y  i n  t h e  process of  re-evaluat ing and poss ib ly  
, r e s t r u c t u r i n g  i t s  appra i sa l  form. l2 The World Health Organization 
i s  a l s o  studying t h e  problem of  appra isa l  on an Znternat ional  bas i s .  
Suggestions . .  of poss ib l e  cont r ibu t ions  from aerial photography were 
well received by all, groups studying t h e  problem. -The ind ica t ions  
are t h a t  although t h e  APHA and o the r s  are concerned with t h e  develop- 
ment of  r e l i a b l e  means t o  generate ,  c l a s s i f y ,  and present  housing 
q u a l i t y  da t a ,  t hey  have not  as ye t  developed a f u l l  apprec ia t ion  as 
t o  t h e  type and degree o f  housing q u a l i t y  d a t a  t h a t  can be ex t rac ted  
from remote sensors  i n  genera l  and multiband photography i n  p a r t i c u l a r .  
A number of c i t i es  have developed t h e i r  own appra i sa l  forms based upon t h e  API-IA 
S t .  Louis, f o r  example, 
. 
guide l ines ,  a s  well as introducing a var iega ted  terminology. 
i n  i t s  1953 s tudy de f ines  a reas  of housing as recons t ruc t ion ,  r e h a b i l i t a t i o n ,  and 
acceptable  (or  slum, bl ighted ,  and good housing) but t h e  cri teria used t o  so  desig-  
n a t e  these  housing areas were markedly d i f f e r e n t  from those  es tab l i shed  by t h e  
0 8  
APHA.13 . Terms f requent ly  encountered i n  o the r  s tud ie s  but seldom defined include 
"decent l iving,"  " l i veab i l i t y , "  and " d e s i r a b i l i t y , "  Added t o  t h e  growing l i s t  of 
terms and phrases  are t h e  less nebulous cr i ter ia  r e l a t i n g  t o  hea l th  .(garbage, smoke, 
l i g h t  and a i r ,  dampness, g l a r e ,  no ise) ,  s a f e t y  (traffic, f i r e ,  dua l  egress ) ,  and 
amenity considerat ions.  (neatness; i . e . ,  no l i t t e r ,  r e c r e a t i o n  faci l i t ies ,  some 
'lTwichel1, "Measuring t h e  Qualit? of Housing i n  Planning f o r  Urban Redevelop- 
ment," i n  Coleman Woodbury (ed.) Urban Redevelopment, Problems and P rac t i ces ,  p. 92. 
i 
.I !'12Correspondence with Mr. Charles  L. Senn, Chairman, Program Area Committee 
on Housing and Health, Los Angoles, Calif. 
I 
,' 13City of  S t .  Louis, J o i n t ' r e p o r t  by C i ty  Plan Commission, Divis ion of 
Building and Inspect ion,  Division: of Health, S t .  Louis Survey Report (St Louis, 
Mor.': Aug. 1953), pp. 1 and 7. 1 
' /  . 
7 
a e s t h e t i c  s a t i s f a c t i o n  i n  housing and yard, i.e., trees, shrubs,  lawn arrangement, 
parking f a c i l i t i e s ,  a c c e s s i b i l i t y  within and between a reas ,  space per person, and 
s t a b i l i t y  of neighborhood). 
Census d a t a  a t  t h e  present  time are tabula ted  a t  t h e  block l e v e l  f o r  housing ' 
qual i ty .  
.useful  and r e l i a b l e  d a t a  a t  the'  c l u s t e r  and/or t h e  neighborhood l e v e l .  
of t h e  a reas  contained i n  t h e  imagery could involve few o r  ma'ny s t r u c t u r e s ,  but 
The present  i nves t iga t ion  does not have t h e  c a p a b i l i t y  t o  genera te  
Evaluation 
64 
need not be confined t o  using d i s c r e t e  blocks t o  form Statements about housing 
q u a l i t y  i n  areas of  varying . .  shapes and dimensions.14 That is, t h e  user  may t reat  
blocks and p a r t s  of blocks i n  a number of ways t o  genera te  t h e  required da ta ,  but  
he is. not  confined t o  a predetermined format. 
t h e  i n f l e x i b i l i t y  charge lev ied  aga ins t  Census d a t a  by a number of  users .  
6 
This i s  one means of  surmounting 
The 
b e n e f i t s  o f  such an approach are obviousp but accounting problems preclude i t s  
f u l l  app l i ca t ion  i n  t h i s  paper. 
' , 
However, t h e  clusTer approach w i l l  i n  fact be il- 
l u s t r a t e d  i f  a set of  p r i n t s  i n  t h e  Case Studies  i n  Appendix C conta in  an area 
which is not var iega ted ,  . 
An apprec ia t ion  of t h e  u t i l i t y  promised by t h e  successfu l  development of a 
system f o r  determining housing q u a l i t y  from multiband aerial photographs i s  bas i c  
to  the-s tudy.  
coverage, p lus  t h e  fact t h a t . t h e  d a t a  contained i n  t h e  photographs a r e  c l o s e  t o  
Features  such as f l e x i b i l i t y  of scheduling f l i g h t s ,  r a p i d i t y  of 
real-time represent  severa l  of t h e  advantages inherent  i n  t h e  use  of remote sen- 
. s o r s .  Advances i n  teqhnology such as b e t t e r  cameras, programmed photo scanners,  
and e f f i c i e n t  and high-capacity d a t a  s to rage  and retrieval systems combined with 
aerial photographs and s igna tu res  of  accepted i d e n t i f i c a t o r y  charac te r  suggest an : 
, 
14The na ture  of  t h e  d a t a  set  (organized by geographic area o r  organized by 
subjec t  mat ter)  is c l e a r l y  and concise ly  discussed by  Evelyn S, Mann, "Experience 
i n  t h e  Development of  a Program of  Analysis U t i l i z i n g  1960 Census Magnetic Tapes" 
in,U,S., Bureau of  t h e  Census, Department o f  Commerce, Papers Presented a t  t h e  
I 
$ 1  ' Census Tract  Conference December- 28, 1961, Working Paper No, 1 2  (Washington: 1962), 
I 
* 
almost unlimited source of information about t h e  world i n  which we l i v e .  
. .  
Much of t h e  information obtained must be i n  t h e  form of sur roga tes  o r  
proxies ,  such a s  those  used i n  t h e  present  s tudy t o  form i n f e r e n t i a l  s ta tements  
per ta in ing  t o  housing q u a l i t y ,  
images; t h a t  is ,  what we see on t h e  photographs is  assumed t o  e x i s t  i n  t h e  real  
world. 
i d e n t i f i e d .  
may be in t e rp re t ed  t o  represent  housing qua l i ty .  
develop an o b j e c t i v i t y  scale o r  appra i sa l  form f o r  measuring t h e  realtive impor- 
tance of those  s u r r o g a t e s , a s  i nd ica to r s  of housing qua l i ty .  
The images on photographs are assumed t o  be "true" 
I 
From these  "true" images s t r e e t s ,  houses, r i v e r s ,  cars, etc, ,  can be 
This  s tudy goes one s t e p  f u r t h e r  by assuming t h a t  t h e  f e a t u r e s  imaged% 
The s tudy then  a t tempts  t o  
6 
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Chapter I1 
BACKGROUND 
I t  i s  apparent from t h e  discussion i n  t h e  preceding chapter t h a t  a l a r g e  num- . 
I 
ber  of agencies and ind iv idua ls  have attempted t o  u t i l i z e  ex i s t ing  da ta  on housing 
q u a l i t y  f o r  a v a r i e t y  of purposes. During t h e  course of t h e  
a number of c i t y  o f f i c i a l s  who were o r  are a c t i v e  i n  housing 
queried t o  determine i f  aerial photography had played a p a r t  
I t  was learned t h a t  a e r i a l  photography had not been u t i l i z e d  
4 
present  i nves t iga t ion  
qua 1 it y surveys were 
15 I i n  any of t h e  surveys. 
by any of t h e  contacted ' 
e 
o f f i c i a l s  (or t h e i r  departments) i n  a housing q u a l i t y  survey. 
c o s t  as a de te r r en t  when t h e i r  s tud ie s  were undertaken, bu t  t h e  niajority s t a t e d  t h a t  
aerial photography simply was not considered and t h a t  t h e  housing q u a l i t y  s tud ie s  
were ca r r i ed  out  under t h e  guide l ines  es tabl ished by t h e  APIin appra isa l  form. 
means t h a t  no d i r e c t  precedent has  been es tab l i shed  concerning the  APHA appra isa l  
form and a e r i a l  photographs, upon which t h e  present  s tudy could bui ld .  
Some o f f i c i a l s  noted 
. , *  
This 
A l i t e r a t u r e  search was i n s t i t u t e d  t o  inves t iga t e  t h e  extent  t o  which conven- 
t i o n a l  aerial  photography has been u t i l i z e d  i n  t h e  study of urban areas i n  general  
and r e s i d e n t i a l  a r eas  i n  p a r t i c u l a r ,  In  developing t h i s  review of t h e  s ta te  of t h e  
art ,  c l o s e  a t t e n t i o n  was given t o  determining how previous s t u d i e s  had analyzed and 
in te rpre ted  imagery, and t h e  meaning of t h e  keys t h a t  were developed. 16 .
"City o f f i c i a l s  contacted were from Evanston and Chicago ( I l l i n o i s ) ,  Battle 
Creek (Michigan), Brookline (Massachusetts), Philadelphia (Pennsylvania), S t .  Louis 
(Missouri), and Los Angeles (California) ' .  
?%'he appl ica t ion  o f  e l ec t ron ic  instrumentation t o  t h e  co l l ec t ing ,  processing 
and s to r ing  of  d a t a  generated from t h e  imagery is  important i n  terms 'of t h e  f u t u r e  
(Chapter I V ) ,  but it i s  not fundamental t o  t h e  bas ic  proposi t ions of t h i s  paper. 
A number of a r t i c l e s  which d iscuss  t h e  procedures of e l ec t ron ic  d a t a  co l l ec t ion ,  
procbssing, and s torage  are contained i n  t h e  bibliography as suggestcd . .  readings 
extension of a number of ideas  included i n  t h i s  paper. 
L 
10 
U t i l i z a t i o n  of Conventional Aerial Photography i n  Urban Areas 
A review of aerial  photography a s  a t o o l  f o r  urban.planners i s  provided by 
M. 6 ,  Branch f o r  t h e  period from 1920 t o  1948. l7 
Photographs f o r  Urban Planning and Research," is p a r t i c u l a r l y  re levant .  
considered t h e  urban area i n  teFms of land, water, s t ruc tu res ,  movement and people. 
Par t  1, "The Use o f  Aerial 
Branch 
1 h: 
With respect  t o  land, information concerning h i l l s ,  va l l eys ,  s lopes and sur face  
i r r e g u l a r i t i e s  is  noted as ex t rac tab le .  
of t h e  range of  s u i t a b l e  uses  f o r  a s p e c i f i c  s i t e .  
i ndus t r i e s ,  r a i l roads ,  as well as higher-income r e s i d e n t i a l  d i s t r i c t s  are a few 
familiar examples of i n s t a l l a t i o n s  whose loca t ion  is  f requent ly  l imited t o  s i t e s '  
Such information i s  valuable  f o r  evaluat ion 
For example, roads; a i r p o r t s ,  
meeting s p e c i f i c  physical  requirements. In addi t ion ,  o the r  land 
and playgrounds, open o r  vacant land, paths,  cemeteries,  parking 
have been i d e n t i f i e d  i n  t h e  imagery by Branch and o thers .  18 
Information about water i n  t h e  urban area has covered such 
land, i r r i g a t i o n  d i t ches ,  shore l i n e s ,  muddy water, r i v e r  rap ids  
uses  such as parks 
l o t s  and coal  yards 
f e a t u r e s  as marshy 
and fa l l s  , waste 
outflow, and beaches. The following quote is  an ind ica t ion  of t h e  widespread, 
p r a c t i c a l  usage of  aerial photography over four  decades ago: 
using t h e  waterway f o r  i l l e g a l  purposes can avoid t h e  eye of t h e  aerial camera. 
has demonstrated i t s  e f f i c i ency  i n  scores  of cases and has been accepted by t h e  
cour t s  as mater ia l  and re levant  evidence. ,119 
"No f a c t o r y  o r  p lan t  
It 
Branch notes  t h a t  because s t r u c t u r e s  are man-made and a most familiar aspect  
of  the urban scene, thb more common forms a r o  immcdiatoly' identifiable; comprchcnsive 
and de ta i l ed  c l a s s i f i c a t i o n  is poss ib le  i n  many instances with ca re fu l  study. ' I n  
0 
;. /17M. C .  Branch, Aerial Photography i n  Urban Planning and Research, Harvard C i ty  * . 
I .  .e 
' 181bid p. 12. 
Planning Studies  No. 14, Cambridge, Mass.: Harvard Universi ty  Press, 1948. 
. *  / -*' 
"Ibid -* 9 p.' 13. ' 
* '6 
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add i t ion  t o  bui ld ings ,  s t r e e t s ,  sidewalks, highways, r a i l r o a d s ,  docks, p i e r s ,  
, i  
s t a d i a ,  water and f u e l  tanks lend themselves t o  p rec i se  photo i d e n t i f i c a t i o n  and ' 
c l a s s i f i c a t i o n .  
following excerps: 
Examples of t h e  p r a c t i c a l  use  .of a e r i a l  photographs inc lude  t h e  
(1) " A i r  photographs supply more than  n ine- ten ths  of t h e  
20 
information needed t o  make t h e  ex is t ing-use  [land use] map," (2) ' I . .  .rehousing 
development around Manchester..:was planned and rev ised  from t h e  air." 
.% 
The l e v e l  of app l i ca t ion  of a e r i a l  photographs t o  t raff ic  s t u d i e s  (movement) 
i s  i l l u s t r a t e d  by t h e  following quotation, da ted  1928: . "...when t h e  Commissioner 
of Pol ice  re-organized t h e  con t ro l  and parking of t raff ic  f o r  t h e  Epsom Summer 
and Spring Meetings, including Derby Day, p firm...was o f f i c i a l l y  appointed t o  
secure a e r i a l  photography of  congestion a t  c e r t a i n  p o i n t s  en route ,  and these  
records  proved of immense va lue  i n  devising new schemes and r u l e s  f o r  d i v e r t i n g  
, t h e  t ra f f ic  o f  succeeding years .  
0 
A complete survey was a l s o  made of t h e  parking . 
1121 i of t r anspor t  on t h e  race-course. 
I t  i s  i n  terms of h i s  d i scuss ion  of people t h a t  Branch comes c l o s e s t  t o  t h e  
present a rea  of concern, 
people, than any o t h e r  of t h e  ca t egor i e s  discussed. 
apparent t h a t  c e r t a i n  information,of a general  na ture  is  r e f l e c t e d  i n  var ious  
He notes  t h a t  l e s s  d i r e c t  d a t a  are derived concerning 
On t h e  o the r  hand, it i s  a l s o  
I c h a r a c t e r i s t i c s  of  t h e  physical c i t y ,  The proportions of  d i f f e r e n t  r e s i d e n t i a l  
types d i s c l o s e  one aspec t  of t h e  mode of l i f e  of t h e  inhab i t an t s ,  aiid t h e  dens i ty ,  
arrangement, and spacing of  houses--as well as t h e i r  s i t u a t i o n  and charac te r - -a re  
ecologica l ly  meaningfu i , ,  Broad conclusions can be drawn i n  t h i s  a r ea ,  t h e i r  scope 
I 
! 
I *  
j '  
' , ,  22 I '  and v a l i d i t y  depending on t h e  ex ten t  of  urban knowledge, 
t 
The remainder of Branch's a r t i c l e ' d e a l s  with t h e  spec ia l  knowledge pre- 
I 
i 
I -I '  i 
1 :  
1 
1 
1 
i 
I2'Ibid., p. 15. The two staiements were made i n  1944 and j935, respec t ive ly .  
;? 
i 
1 2  
Chapter XII, "Photo I n t e r p r e t a t i o n  i n  Urban Area Analysis." After d iscuss ing  bas i c  
r e q u i s i t e  t o  t h e  e f f e c t i v e  u s e  of  a e r i a l  photographs f o r  urban planning and re- 
search. Such knowledge concerns types of photographs ( v e r t i c a l ,  obl ique,  s t e r eo -  
p a i r s ) ,  photoruns and planning, photo mosaics, f l i g h t  planning, photographic 
qua l i t y ,  cameras and f i l m ,  n ight  photographs (flash-bomb or  photo-f lare  method), 
and photographic i n t e r p r e t a t i o n .  
Photo i n t e r p r e t a t i o n  as shmmarized by Branch e s s e n t i a l l y  cons is ted  of 
i d e n t i f i c a t i o n  and c l a s s i f i c a t i o n  of  urban f e a t u r e s  under t h e  general  headings of ' 
land, water, s t r u c t u r e s ,  movement, people.  Witenstein'advanced t h e  bas ic  concepts 
set f o r t h  by Branch by car ry ing  t h e  opera t ions  of i d e n t i f i c a t i o n  and c l a s s i f i c a t i o n  
i n t o  t h e  s tudy of  land-use a s  appl ied t o - t h e  sequence of  urban inventory,  ana lys i s ,  
and plan.23 
reviewed by Branch, but  they  were not  t i e d  toge ther ) .  . Inventory included (1) loca- 
t i o n  and c l a s s i f i c a t i o n  of a l l  f ea tu res ,  as d i s t r i b u t i o n  pa t t e rns ,  (2) measurement. 
of  s ize  and capaci ty ,  t o  develop b a s i c  s t a t i s t i c a l , a s s e m b l i e s ,  ( i . e . ,  da t a  sets 
fo r  se lec ted  f ea tu res )  and (3) computation of  r a t i o s  of  land used and land zoned, 
s e rv i ce  a v a i l a b i l i t y  and f a c i l i t y  a c c e s s i b i l i t y  t o  r e s i d e n t i a l  commercial and 
i n d u s t r i a l  needs. 
with planning m u l t i p l i e r  f a c t o r s .  
' 
a 
(Inventory,  ana lys i s  and plan were inherent  i n  d i f f e r e n t  r e p o r t s  
. 
Analysis was def ined t o  mean t h e  combination of inventor ied d a t a  
Planning culminates t h e  operat ions of inventory 
I and ana lys i s ,  and i n  t h e  s tudy area reported on by Witenstein r e s u l t e d  i n  several 
I major changes i n  t h e  p a t t e r n  of 1 a n d . u t i l i z a t i o n  i n  t h e  urban area. 
In  1960 t h e  American Society of  Photogrammetry published i t s  Ma,nual of  Photo- . 
,23M. M. Witenstein, I IA Report on Application of  Aerial Photography t o  Urban 
Land-Use Inventory, Analysis and Planning," 'Photogrammetric Engineering, XXIV, 
1954,t pp. 656-663. 
I 
I ,' Z4#anual of Photographic. I n t e r p r e t a t i o n ,  American Socie ty  .of Photogrammetry, 
Meqksha, Wisconsin. The George Banta Co., ' I nc ,  , 1960. . i . .  I I * 
i 
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considerat ions (proper t ies  of area,  photograph and map), t h e  urban area ,  and urban 
a rea  ana lys i s  and photo i n t e r p r e t a t i o n  ( these sec t ions  are e s s e n t i a l l y  refinements 
and .extensions of t h e  bas ic  concepts i n i t i a l l y  expressed by Branch), a number of 
case s tud ie s  a r e  presented. 
S t ruc ture  i n  Birmingham, Alabama'' by Norman E. Green is  an attempt t o  analyze t h e  
One of these,  "Photo In t e rp re t a t ion  of Social  
soc i a l  [socioeconomicf' s t r u c t u r e  of an urban area by s e t t i n g  up sur roga tes  such 
.*"s; 
as (1) locat ion,  (2) r e s i d e n t i a l  d e s i r a b i l i t y ,  (3) preva lence  of si,ngle-family 
homes, and (4) dens i ty  of homes f o r  s o c i a l  [socioeconomic] f ac t s .  
. .  
The case study presented by Green developed from an e a r l i e r  study where he 
attempted t o  develop a scale of " r e s iden t i a l  d e s i r a b i l i t y "  based upon r e t u r n s  from 
analyzing an in t e rp re t ing  imagery of an urban area (Birmingham, Alabama). 26 
t h e  o r ig ina l  study, i d e n t i f i c a t i o n  of t h e  numbers and type of r e s i d e n t i a l  s t r u c t u r e s  
represented t h e  main ob jec t ives ,  
under study and compute t h e  numbers of single-family homes, and t h e  dens i ty  of 
homes f o r  t h e  area. 
a b i l i t y  based on t h e  t h r e e  items. 
a low-density suburb was held t o  be highly des i rab le .  
t a in ing  multiple-family homes i n  a high-density area located c l o s e  to '  t h e  cen t r a l  
business d i s t r i c t  was expected t o  have l i t t l e  r e s i d e n t i a l  d e s i r a b i l i t y .  
b 
In 
I t  was then a simple exerc ise  t o  loca t e  t h e  area 
* 
-L 
The next s t e p  was t o  develop a measure of r e s i d e n t i a l  des i r -  
For example, a single-family home located i n  
Conversely, an area con- 
. .  
It  has a l ready been pointed out  t h a t  aerial photography 
as a usefu l  and valuable  t o o l  f o r  planners,  l oca l  governments 
concerned with spat i a U y  or ien tcd  socioccanamic sta.tistics. 
.. 
f requent ly  serves  
and o the r s  who are 
However, i f  research 
u t i l i z i n g  a e r i a l  photographs i s  t o  advance beyond ;he idcntification-classification 
s t age  t o  some more advanced l e v e l  of inventory, ana lys i s ,  and p l a n  and t o  have more 
s t a t  is- 
,i
/ 25Social facts as used by Green are a l s o  r e fe r r ed  t o  as socioeconomic 
tics1 by o thers .  
26N, El Green, 'Aerial Photdgraphy i n  t h e  Anaiysis of Urban S t ruc tu res ,  Ccolog- 
ical and Social .  Unpublished P1i.D. (Chapel Hill: Universi ty  of North Carolina,  1955), 
/ 
I 
I 
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than an ad hoc s igni f icance ,  a c e r t a i n  l e v e l  of g e n e r a l i t y  must be a major goal of  
such research.  
such s t a t i s t i c a l  techniques a s  c o r r e l a t i o n  ana lys i s  (Spearman Rank c o r r e l a t i o n  
coe f f i c i en t )  and scalogram ana lys i s .  The present  s tudy w i l l  t a k e  exception t o  
Green's r e s u l t s  and w i l l  demonstrate t h a t  h i s  t oo - s impl i s t i c  approach does not 
accura te ly  p s r t r a y  the soc ia l '  s t r u c t u r e  of urban areas. 
Green's attempt a t  gene ra l i t y  i s  supposedly supported by means of 
as * ?  
Green es tab l i shed  t h r e e  trichotomous a t t r i b u t e  items, zonal l oca t ion  ( inner ,  
middle, o u t e r ) ,  prevalence of  s ingle-family homes (less than  30 per  cent ,  30-60 
per  cent ,  more than 60 per  cent ) ,  dwelling-unit  dens i ty  per  block (more than 30, 
19-30, less than o r  equal t o  18) i n  h i s  study. 
item (unfavorable, favorable)  completed t h e  a t t r i b u t e  items t h a t  Green used i n  
attempting t o  develop genera l iza t ions  about r e s i d e n t i a l  d e s i r a b i l i t y .  
o f t h e  exceptions t o  Green's work i s  as follows. 
Land use, a dichotomous a t t r i b u t e  
The na ture  
' (1) Zonal loca t ion .  (a) There are many anomalies i n  t h e  zones (concentr ic  
o r  e l l i p t i c )  which emanate from t h e - c e n t r a l  business  d i s t r i c t  which render t h i s  
genera l iza t ion  untenable.  
which reproduce t h e  c e n t r a l  c i t y - o n  a smaller  scale and create more zones about 
For ins tance$  within each zone t h e r e  a r e  a c t i v i t i e s  . 
them. If zoning laws are imperfect o r  incomplete, o r  i f  
enforced, t h e  same f a c t o r s  which cause Green t o  g ive  t h e  
they  are not  s t r i c t l ' y  
i n s ide  zone a lower 
r a t i n g  may again appear i n  o u t e r  zones. 
(b) Many cit ies a r e  rebui ld ing  t h e  downtown sec t ion  
zone, and ,as  a csnssquonce high-r ise  apartmait buildings 
(if r e n t s  are any ind ica t ion )  are being constructed.  
( cen t r a l  c i t y )  o r  inner  
which are highly  desirable 
(c) The Advisory Commission on Intergovernmental Relat ions i n  i t s  paper, 
Metropolitan Socia l  and Economic D i s p a r i t i e s ,  notes  on page 19 t h a t  **unsound 
hodsing ... is much more conspicuous i n  t h e  suburbs than i n  t h e  c e n t r a l  ci t ies,  
edpec ia l ly  ou t s ide  t h e  Northeast 
I 
-1 
I 
If unsound housing and r e s i d e n t i a l  d e s i r a b i l i t y  
/ 
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a r e  r e l a t e d ,  then t h e  zonal l oca t ion  item is very suspect .  
(2) Prevalence of  s ingle-family homes. In  many l a r g e  c i t ies  cu r ren t ly  
undergoing urban renewal ( e i t h e r  by publ ic  o r  p r i v a t e  en te rp r i se )  h igh - r i s e  apar t -  
ment bui ldings and condominiums can be found i n  l a r g e  numbers. 
are d i r e c t  confronta t ions  t o  Green's genera l iza t ion .  
bui ldings a r e  constructed,  the; t h e  number of si.ngle-family homes may not  be an 
accura te  measure of  r e s i d e n t i a l  d e s i r a b i l i t y .  
These s t r u c t u r e s  
If demand is  such t h a t  t h e s e  
- 
(3) Dwelling u n i t  dens i ty  per  block. This  i t em' i s  suspect i n  t h a t  t h e r e  . 
are no d e f i n i t i v e  s ta tements  such as persons per  s t r u c t u r e .  
Chicago suburb of Oak Park,  12  blocks were se l ec t ed  a t  random from t h e  a v a i l a b l e  
imagery, and a l l  1 2  exceeded Green's eut-off  po in t  of 30 s t r u c t u r e s  per  block. 
(4) General land use  c h a r a c t e r i s t i c s .  Green's scale of  r e s i d e n t i a l  d e s i r -  
In  t h e  fashionable  
a b i l i t y  scores  heavi ly  aga ins t  any land use  intermixture .  
through a block, an a i r  o r  water po l lu t ing  i n d u s t r i a l  p l a n t ,  and a high-volume, 
A r a i l r o a d  l i n e  c u t t i n g  . 
high-speed street, are genera l ly  accepted as non-compatible with r e s i d e n t i a l  land 
use.  However, t o  claim t h a t  commercial a c t i v i t y  and residences a r e  s t r i c t l y  
incompatible i s  not  always co r rec t .  
apartment bu i ld ings  are located ad jacent  t o  commercial bu i ld ings  (or v i c e  versa)  
simply because r e s iden t s ,  such as e l d e r l y  persons, d e s i r e  a c c e s s i b i l i t y  t o  such 
shops. 
There are too  many cases where high-rent 
With increas ing  frequency, commerc ia l ' ac t iv i ty  is found t o  occupy t h e  ground 
f l o o r  of  pr imar i ly  high-densi ty  r e s i d e n t i a l  s t r u c t u r e s ,  a f u r t h e r  counterexample t o  
the .  land use genera l iza t ion ,  .. 
I t  is f e l t  t h a t  t h e r e  are too  many exceptions t o  each of  Green's four  items, 
and t h a t  t h e  items are too  broad, A s  a consequence, r e s u l t s  ( l e v e l s  of d e s i r a b i l i t y )  
', generated by Green are f e l t  t o  be ~ n r e l i a b l e . ~ ~  Operations a t  t h e  block l eve l ,  
' 
I 
i 
I 
/ 27F0r f u r t h e r  d i scuss ion  of  N . E .  Green's work t h e  i n t e r e s t e d  reader  is  r e fe r r ed  
to j '  M.M. Witenstein "A Review of-- 'Aerial  Photographic I n t e r p r e t a t i o n  and t h e  Socia l  
S t ruc tu re  of  t h e  Ci ty '  by N.E. Green," Photogrammetric Engineering, X X I I ,  1956, p. 97. 
1 
I I 
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although they may be advantagcous i n  terms of how da ta  are present ly  co l lcc ted  by 
many agencies,  may be one source of d i f f i c u l t y  i n  Green's approach. This paper 
suggests t h a t  such da ta  must first be t r ea t ed  a t  more disaggregated leve ls .  
is, t h e  bas i s  should be t h e  c l u s t e r  l eve l ,  and aggregation should begin from t h e  
c l u s t e r .  
are s imi la r  i n  some way, 
or ranch), dens i ty  (30 or  60 s t r u c t u r e s  per given area), and q u a l i t y  (sound o r  
unsound) are c h a r a c t e r i s t i c s  per ta in ing  t o  s t r u c t u r e s  which could be grouped i n t o  
That 
Clus te rs  as used here  refer t o  groupings of bui ldings,  f o r  example, which 
S ize  ' (single o r  mul t ip le  u n i t  dwelling),  s t y l e  (colonial  
* 
! a c l u s t e r  based on a similar f ea tu re .  Aggregation of these  s t ruc tu res  i n t o  one 
' c  
group would r e s u l t  i n  a bounded a rea  {c lus te r )  containing s t r u c t u r e s  which are 
b 
i s imi l a r  i n  terms of size,  s t y l e ,  dens i ty  and qua l i ty .  
The use  of aerial photography by t h e  Chicago Area Transportation Study (CATS) 
is t h e  f i n a l  example presented here.  Under t h e  d i r e c t i o n  of Samuel M. Hadfield, 
4 
CATS produced a study repor t  e n t i t l e d ,  An Evaluation of Land Use and Dwelling Unit 
I 
Data Derivcd from Aerial PhotographySZ8 
develop and t e s t  a synthe t ic  approach toward obtaining or ig in-des t ina t ion  (0-D) da ta  
which,had previously been obtained from expensive and time-consuming house interview 
surveys. 
number of dwelling u n i t s ,  and land area and nonresident ia l  bui lding f l o o r  a rea  
The objec t ive  of t h i s  p i l o t  study was t o  ' 
I 
! 1 
The s p e c i f i c  d a t a  obtained from a e r i a l  photography i n  t h i s  case  were t h e  
! c l a s s i f i e d  by land use type f o r  each small s tudy area.  29 
1 
i The CATS r e p o r t  notes t h a t  t h e  use  of aerial photography depends on t h e  type I -  
28S.M. Hadfield, An Evaluation o f  Land Use and Dwelling Unit Data Derived from i 
I i Aerial  Photography, Chicago Area Transportat ion Study, Chicago, I l l i n o i s .  1963. c 
I 
I 
1 
I :  
1 
i 
29Both Hadfield and Green attempted t o  develop a cor rec t ion  f a c t o r  f o r  e r r o r s  
made i n  dwelling u n i t  estimation. 
R.E. Binsel l ,  Dwelling U n i t  Estimation from Aerial  Photographs, unpublished B.A. 
Thesis ,  Department of Geography, University of Toronto, 1967. 
Correction f a c t o r s  are extensively t r ea t ed  in :  
Hadfield 's  study is  a l s o  reviewed i n  D.F. Marble and E.N. Thomas, "Some Obser- 
/ vat ions  on t h e  U t i l i t y  of Mult ispectral  Photography. for Urban Research," Proceedings, 
Fourth Symposium on Remote Sensing of Envirdnment , t 
I I . .  
I 
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of a rea  on which d a t a  are t o  be co l l ec t ed ,  type of d a t a  needed, accuracy needs, 
a v a i l c b i l i t y  of  o the r  source ma te r i a l s ,  etc. For t h e  CATS study, aerial photo- 
graphy was b e s t  su i t ed  f o r  areas of r e l a t i v e l y  low densi ty--for  suburban areas, 
small ci t ies,  o r  r u r a l  areas. 
o ther  source is  usua l ly  a v a i l a b l e  f o r  e i t h e r  f l o o r  area o r  land area d a t a  i n  these  
areas except sometimes i n  c e n t r a l  business  d i s t r i c t s  
One reason for t h i s ,  Hadfield notes,  i s  t h a t  no 
I 30 
- 
' I  
Analysis and I n t e r p r e t a t i o n  o f  Imagery 
The Manual of Photographic I n t e r p r e t a t i o n  devotes a f u l l  chapter  t o  funda- 
Rather than attempt t o  reproduce t h a t  thorough mentals of photo i n t e r p r e t a t i o n .  
and expert  t reatment ,  we w i l l  merely de f ine  ana lys i s  and i n t e r p r e t a t i o n  i n  t h e  way 
t h a t  they a r e  used i n  t h i s  r e p o r t ,  
and h i s  approach is  c l o s e l y  al igned with t h a t  taken i n  t h e  present  study. 
a 
R.E. Frost  d i scusses  a n a l y s i s  and i n t e r p r e t a t i o n ,  
31 . 
Analysis of  photographs r e s u l t s  i n  t h e  presenta t ion  of  da t a .  I t  involves 
recogni t ion  of  pa t t e rns  such as a t r anspor t a t ion  network o r  t h e  morphology of a 
c i t y  i n  terms of  bui ldings of c e r t a i n  types,  and then studying t h e  components 
(freeways, arterial streets, s i d e  s t r e e t s ,  a l l e y s )  from t h e  standpoint of what each 
represents ,  and from t h e  s tandpoint  of t h e  r e l a t i o n s h i p  of  t h e  components t o  each 
o the r .  In  o t h e r  words, a n a l y s i s  involves p a t t e r n  recognition'and da ta  presenta t ion .  
Image i n t e r p r e t a t i o n  is  a synthes is ,  based on t h e  app l i ca t ion  of  processes of 
l o g i c  and deductive reasoning i n  performing an ana lys i s  of  t h e  f e a t u r e s  of  an a r e a  
( i n . t h e  present  inves t iga t ion ,  a c u l t u r a l  o r  urban area as opposed t o  por t ions  of 
t h e  na tura l  environment) which c o l l e c t i v e l y  are respons ib le  f o r  t h e  c r e a t i o n  
pa t t e rn ,  o r  pa t t e rns .  - The d a t a  gained &er a n a l y s i s  are arranged i n  such a 
,I3'S.M. Hadfield, p. 22. I 
of a 
manner 
;' 31R.E, F ros t ,  "Discussion of Photo Recognition, Analysis, and I n t e r p r e t a t i o n  
and,Photo Keys," Photogrammetric Engineering, XYIII,' 1952, pp. 502-505, 
i 
I 
I 
i 
I 
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as t o  convcy t h e  
t h e  a rea  i s  made 
18 
desired r c s u l t s ,  i .e. , some statement as t o  what i s  contained i n  
with regard t o  t h e  objec t ives  of t h e  study. 
Keys -
The purpose of a key i s  t o  fac i l i t a te  ana lys i s  and in t e rp re t a t ion  by point ing 
out  ob jec t s  o r  f ea tu re s  of a padtern,  and thereby assist i n  da ta  generation. 
s i c a l l y ,  keys may be of two kinds: (1) pos i t ive ,  and (2) infGrentia1.  
Ba- 
Pos i t ive  keys promote d i r e c t  i d e n t i f i c a t i o n  of ob jec t s  by point ing out  e a s i l y  
recognized objec ts  on t h e  b a s i s  of i d e n t i f i c a t o r y  c h a r a c t e r i s t i c s .  
i n d u s t r i a l  bui ldings,  golf  courses,  switching yards and a i r p o r t  runways a r e  usua l ly  
r e a d i l y  iden t i f i ab le .  
For example, 
I n f e r e n t i a l  keys r equ i r e  t h e  use of logic’ and deductive reasoning i n  an attempt 
t o  iden t i fy  an objec t  which is fore ign  or in f requent ly  encountered by t h e  in t e rp re t e r .  
As used i n  t h i s  paper, however, inference takes  on a s l i g h t l y  d i f f e r e n t  meaning. 
. 
. 
Inferenc ia l  procedures w i l l  be used t o  generate  statements r e l a t i n g  t o  ove ra l l  
housing q u a l i t y  when, i n  fact, only t h e  e x t e r i o r  elements of a dwelling are observed. 
That is, statements w i l l  be made about t h e  probable i n t e r i o r  condi t ions of s t r u c t u r e s  
based upon surrogate  observat ions deal ing only  with t h e  ex te r io r  of t h e  s t r u c t u r e  
and i t s  environment. 
An in t eg ra l  p a r t  o f  ana lys i s ,  i n t e r p r e t a t i o n  and key development, is  t h e  process 
whereby ob jec t s  a r e  iden t i f i ed .  Process involves i n t e r a c t i o n  between e n t i t i e s ,  and 
t h Q  transii i ission o f  information, 
cantcnt of an e n t i t y  enters tho transmission procoss, i, e, 
In most raal avents not a l l  o f  t h o  informatjm 
only a f ract ion of  t h e  
f ea tu res  of  an e n t i t y  a r e  t ransmit ted 1x5 a given in t e rac t ion ,  
quickly recognize a c e l e b r i t y  from a sketch. . T h i s  is  known as a - signature .  
For example, one may 
The 
i d e n t i f i c a t o r y  cha rac t e r .  of t h e  s igna tures  of some of t h e  featur5s considered i n  t h i s  
I 
, - -  
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, study a r e  found i n  Appendix D. 
.From Conventional Aerial  Photography t o  Multiband Aer ia l  Photography 
A l l  t h e  inves t iga t ions  out l ined here  have been concerned with conventional 
aerial photographs, usua l ly  black and white, but  occasional ly  color  (See Manual of 
I 
Photographic In te rpre ta t ion) .  The present study was establ ished t o  inves t iga t e  t h e  
p o s s i b i l i t i e s  made ava i l ab le  by u t i l i z i n g  multiband aerial photographs. 
i n  t h e  v i s i b l e  pa r t  of t h e  electromagnetic spectrum have conventionally been 
A l l  bands 
"lumpcd together," r e s u l t i n g  i n  an image which does not d i s t i ngu i sh  t h e  cont r ibu t ion  
made t o  t h e  ove ra l l  image by each band of t h e  e-m (electromagnetic) spectrum. 
paper u t i l i z e s  imagery which does discr iminate ,  i , e , ,  f i l t e r s  a r e  used t o  obta in  
separa te  r e t u r n s  f o r  each of s i x  bands i n  t h e  v i s i b l e  p a r t  of t h e  e-m spectrum, and 
I 
This  
b . _. . 
separa te  r e tu rns  fo r  each of t h r e e  bands i n  t h e  photographic inf ra red  por t ion  of 
t h e  e-m spectrum. 
spec t r a l )  Aerial  Photography" considers  t h i s  t op ic  i n  somewhat g rea t e r  d e t a i l .  
Appendix 3, "The Electromagnetic Spectrum and Multiband (Multi- 
In terms of perspect ive,  t h i s  paper represents  one p a r t  of a program being 
ca r r i ed  out  i n  t h e  Department of Geography, Northwestern Universi ty  t o  inves t iga t e  
t h e  app l i ca t ion  and use  of remote sensors f o r  obtaining information on urban and 
t ranspor ta t ion  phenomena. The program is being conducted i n  cooperation with t h e  
Earth Resources Program of t h e  National Aeronautics and Space Administration and 
t h e  United S t a t e s  Geological Survey. 
* 
I .  
1 .  
' 32F0r a more lengthy discussion of t h e  concept of s igna ture  see: H.'H. Quastler,  
The Emergence of Biological Organization (New Haven: .Yale Universi ty  Press, 1964). 
. .  
e .  
. .  
Chapter I11 
DEVELOPMENT OF HOUSING QUALITY APPRAISAL FORMS BASED ON DATA 
GENERATED FROM MULTIBAND AERIAL PHOTOGRAPHS 
.# 
In order  t o  provide g r e i t e r  scope and app l i ca t ion  i n  t h e  present  study, t h e  
housing and environmental c h a r a c t e r i s t i c s  u t i l i z e d  by t h e  k e r i c a n  Public Health 
Association (APHA] are d e t a i l e d  and compared with t h e  information t h a t  can be 
extracted and i d e n t i f i e d  from t h e  multiband photographs. That is ,  
by t h e  APHA a r e  used as a precedent, and t h e  information extracted 
a e r i a l  photographs i s  d i r e c t l y  compared t o  what is  included i n  t h e  . 
standards s e t  
from t h e  
APHA appra isa l  
b 
form. 
d a t a  generated from t h e  imagery. 
A revised appra i sa l  form i s  then presented which i s  based completely upon 
The d e t a i l e d  r e s u l t s  of t h e  photo-analysis and photo- interpretat ion a r e  
contained i n  a s e r i e s '  of case s tud ie s  of por t ions  of t h e  Chicago area [Earth Re-  
sources Program t e s t  s i t e  #43] (Appendix C). For t h e  most pa r t ,  d a t a  derived 
from the  imagery were s u f f i c i e n t l y  wel l - interpreted so as t o  provide a s t rong 
co r re l a t ion  with ground t r u t h  records.  A t  t h e  g rosses t  l eve l ,  s t r e e t s ,  buildings,  
vacant l o t s ,  t rucks  and cars can be r e a d i l y  i d e n t i f i e d  from t h e  imagery u t i l i z e d  
i n , t h i s  study. I n  more complex cases, da ta  ex t rac t ion  becomes somewhat more 
d i f f i c u l t ,  e.g., t o  determine t h e  number of u n i t s  i n  a l a rge  mult iple-uni t  s t ruc-  
t ~ r e , ~ ~  o r  t o  determine if  a bui lding i s  used f o r  commercial purposes on t h e  first 
or  seesnd f l o o r ,  
t h e  ' s t ruc tu re  i s  e n t i r e l y  abstracted'  from i t s  surrounding environment. 
It is  a l s o  d i f f i c u l t  t o  determine t h e  q u a l i t y  of a s t r u c t u r e  i f  
This 
' 
33R.E. Binsel l ,  %. m., Dwelling Unit Estimation From Aerial  Photographs. 
See a l so :  
S t ruc tures ,  Ecological and Social ,  p. 57. 
N.E.  Green, OJ. -., Aerial Photography i n  t h e  Analysis of Urban 
I .  
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observation may be modified i n  cases 
s ince  most s t r u c t u r e s  f a l l  somewhere 
of extreme elegance o r  d i l a p i d a t i o n ,  but 
between these  two extremes, t h i s  i s  an 
important cons idera t ion  when u t i l i z i n g  aerial photographs as a source of  housing 
q u a l i t y  information. The exploratory case s t u d i e s  presented here  were intended ' 
t o  se rve  as a t r i a l  run. 
designed t o  extract and i d e n t i f y  whatever f e a t u r e s  per ta ined  t o  housing q u a l i t y  
at t h e  given scale and given q u a l i t y  of imagery. 
The ana lys i s  and i n t e r p r e t a t i o n  o f  t h e  imagery were 
.. 
. 
The American Public Health Association Appraisal Forms 
The APHA appra i sa l  form c o n s i s t s  of two p a r t s :  a s t r u c t u r e  r a t i n g  and an  
* 
environment r a t i n g .  
po in t s  assigned according t o  each deficiency. 
environment score  of  t h e  block and s t r e e t  f rontage  i n  which it l ies ,  and t h e  
environment score  when added t o  t h e  dwelling score  g ives  t h e  housing t o t a l  score. 
The two r a t i n g  scales measure d e f i c i e n c i e s  with pena l ty  
Each dwelling u n i t  carries t h e  
. 
Tables 1 and 3 o u t l i n e  t h e  items included i n  t h e  APHA forms. 
a brief explanation of those' items' which r e q u i r e  f u r t h e r  d e f i n i t i o n .  
Table 2 provides 
Features Generated by Analysis and I n t e r p r e t a t i o n  of  t h e  Imagery 
Analysis and i n t e r p r e t a t i o n  of  t h e  multiband photographs has e s t ab l i shed  t h a t  
a wide v a r i e t y  of  f e a t u r e s  can be ex t rac ted  
contained i n  t h e  APHA form, These f e a t u r e s  
i s  of fe red  as a housing q u a l i t y  "indicator" 
made here  (and expanded i n  d e t a i l  la ter)  is  
on a r e l a t i v e  and not an absolu te  b a s i s ,  
c 
(1) I Building f rontages  (distance or  o f f s e t  
In t h e  case study areas, and i n  o the r  
, 
and i d e n t i f i e d ,  some of which a r e  not 
and a b r i e f  account as t o  why each 
follows. An important po in t  t o  be 
t h a t  t h e  power of  t h e  ind ica to r  is  
from t h e  sidewalk) 
study areas not s p e c i f i c a l l y  covered 
i n  t h i s  r epor t ,  housing classified as poor o r  substandard by APHA-criteria 
. .  
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TABLE 1 
DWELLING SURVEY: APPRAISAL ITEMS AND MAXIMUM STANDARD PENALTY SCORES 
< 
' .  . 
. Maximum 
Penalty Score 
Item 
A. FACILITIES 
6 1. St ruc ture :  Main Acess . . . . . . . . . . . . . . . .  
2. Water Supply (Source for  S t ruc ture)  . . . . . . .  25 
3. Sewer Connection . . . . . . . . . . . . . . . . . .  25 
5. S t a i r s  and F i r e  Escapes . . . . . . . . . . . . .  30 
18 
7. Unit: Location i n  S t ruc tu re  . ; . . . . . . . . .  8 
8. Kitchen Facil i t ies . . . . . . . . . . . . . . . . .  24 
9. T o i l e t 1  . . . . . . . . . . . . . . . . . . . . . . .  45 
10. B a t h . .  . . . . . . . . . . . . . . . . . . . . .  20 
11. 'Water Supply (Location G Type f o r  Unit) . . . . .  15 
12.  Washing Facilities . . . . . . . . . . . . . . . .  8 
13. Dual Egress . . . . . . . . . . . . . . . . . . .  30 
14.  E l e c t r i c  Lighting . . . . . . . . . . . . . . . .  15 
15. Central  Heating . . . . . . . . . . . . . . . . .  3 
16. Rooms Lacking I n s t a l l e d  Heater . . . . . . . . . . .  20 
17. Rooms Lacking Window . . . .  . . . . . . . . . .  30 
18. Rooms Lacking Closet . . . . . . . . . . . . . . .  8 . 19. Rooms of  Substandard Area . . . . . . . . . . . .  10 . . . . . . . . . . . . .  -- 
4. Daylight Obstruction . . . . . . . . . . . . . . .  20 
6. Publ ic  Hall Lighting . . . . . . . . . . . . .  < . .  
20. Combined Room F a c i l i t i e s *   
a. Subtotal :  F a c i l i t i e s  36 0 
B. MAINTENANCE 
21. To i l e t  Condition Index . . . . . . . . . . . . . . .  
22. Deter iorat ion Index3 . . . . . . . . . . . . . . . . . .  
23. In fe s t a t ion  Index3 . . . . . . . . . . . . . . . .  
24. Sani ta ry  Index3 . . . . . . . . . . . . . . . . .  
25. Basement Condition Index . . . . . . . . . . . . .  
b. Subtotal :  Maintenance 
c. OCCUPANCY 
26. Room Crowding: Persons p e r  room . . . . . . . . .  
27. Room Crowding: Persons p e r  s leeping Room . . . .  
28. Area Crowding: Sleeping Area F e r  Person . . . . .  
29. Area Crowding: Nonsleeping Area p e r  Person . . .  
30. Doubling o f  Basic Families . . . . . . . . . . . .  
c. Subtotal  : Occupancy 
MAXIblUM DWELLING TOI'AL 
1 2  
50 
15 
30 
13 - 
120 
30 ' 
25 
30 
25 
10 
120 
' 600 
- -
b 
Source: Ci ty  of  S t .  Louis, Mousing Survey Report, 1953. 
1Item score  is t o t a l  of subscores f o r  locat ion,  type and shar ing o f  t o i l e t .  
2Item score  is  total  of scores  for  items 16-19 inc lus ive .  
o r  bath fac i l i t i es .  
score  i s  no t  included i n  t h e  t o t a l  for  a dwelling bu t  is recorded f o r  
ana lys i s .  
I 
*' 
This dupl ica te  
31tem score  is t o t a l  of subscores . for  s t r u c t u r e  and dwelling u n i t .  
I' 
* .  
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TABLE 2 
BASIC DEFICIENCIES OF DWELLINGS 
Item Condition Const i tut ing A Basic Deficiency , 
No. I 
FACILITIES 
2 Source of  water supply s p e c i f i c a l l y  disapproved by loca l  hea l th  
Means of  sewage disposal  s p e c i f i c a l l y  disapproved by l o c a l  hea l th  
department. 
T o i l e t  shared with o t h e r  dwelling u n i t ,  ou ts ide  s t r u c t u r e ,  'or of ' 
disapproved type (f lush hopper o r  nonstandard pr ivy) .  
I n s t a l l e d  bath iacking, shared with o t h e r  dwelling u n i t ,  o r  out-  
s i d e  s t r u c t u r e .  
. department 
3 
9 
10 
J 
11 
13 
Water supply outs ide  dwelling u n i t .  
Dual egress  from u n i t  lacking. 
14 
16 
No electr ic  l i gh t ing  i n s t a l l e d  i n  u n i t .  
Three-fourths o r  more of rooms i n  u n i t  lacking i n s t a l l e d  hea ter .  1 
MAINTENANCE 
22 Deter iorat ion of class 2 o r  3 (penalty score,  by composite index, 
of  15 poin ts  o r  over) .  
OCCUPANCY 
26 Room crowding: Over 1.5 persons p e r  room. 
27 Room crowding: 
number of  s lceping  rooms plus  2, 
Number of occupants equals o r  exceeds two times the  
28 Area crowding: 
person. 
Less tha? 40 square feet of s leeping  area p e r  
Source: Ci ty  of St .  Louis, Housing Survey Report, 1953. 
' 
%he c r i t e r i o n  of b a s i c  def ic iency for t h i s  item is a d j q t e d  f o r  number 
of rooms i n  ' t he  un i t  ' 
, 
. -  i 
1 
I 
4 
I "  
I 
1 i 
I 
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TABLE 3 
ENVIRONMENTAL SURVEY : 
APPRAISAL ITEMS AND MAXIMUM STANDARD PENALTY SCORES 
Maximum 
It em Penalty' Score 
A. LAND CROWDING 
1. Coverage by s t r u c t u r e s  . . . . . . . . . . . . .  
2. Residential  building dens i ty  . . . . . . . . . .  
3. Population dens i ty  a . . b , '. . . : 
4. Residential  yard areas . . . . . . . . . . . . .  
B. NONRESIDENTIAL LAND USES 
5. Areal incidence of nonresidential  land uses .  . 
"6. Linear incidence o f  nonresidential  land uses  , 
"7. Spec i f ic  nonresidential  hazards and nuisances. 
*8. Hazards t o  morals and public peace . . ' .  . 
9. Smoke incidence. . . . . . . . . . . . . . . .  
C.  HAZARDS AND NUISANCES FROM TRANSPORTATION SYSTEM 
30 
20 
30 
b 
- 
50 
"10. S t r e e t  t ra f f ic  . . . . . . . . . . .  . . . .  15 
"11. Railroads and switchyards. . . . . . . . . . .  25 . . . . . . . . . . . . . . . .  
e 1 2 .  Ai rpor t s  - 
40 D. HAZARDS AND NUISANCES FROM NATURAL CAUSES ' 
13. Surface flooding . . . . . . . . . . . . . . . .  
15. Topography . . . . . . . . . . . . . . . . . . .  14. Swamps o r  marshes. . . . . . . . . . . . . . .  
E. INADEQUATE UTILITIES AND SANITATION 
"16. Sani ta ry  sewerage system . . . . . . . . . . .  20 
"17. Public water supply. . . . . . . . . . . . . .  20 
*18. S t r e e t s  and walks. 7 
"19. Elementary public schools. . . . . . . . . . .  18 
20. Public playgrounds . . . . . . . . . . . . . .  
22. Other public parks . . .  ; . . . . . . . . . .  12 
. . . . . . . . . . . . . .  
40 F. INADEQUATE BASIC COMMUNITY FACILITIES 
21. Public p layf ie lds ,  . . . . . . . . . . . . . .  
23. Public t ransportat ion.  . . . . . . . . . . . .  
24. Food s tores .  . . . . . . . . . . . . . . . . .  
30 
210 
- 
*Item scored separa te ly  f o r  each block frontage.  
c 
Source: 
penalty score) and T\Vichell's paper, "Measuring the. Quality of Housing 
i n  Planning f o r  Urban Redevelopment" (items without penalty score). 
This i s  necessary because t h e  S t .  Louis study does not refer t o  a l l  t h e  
Table 3 combined S t ,  Louis Housing Survey Report I_ (items with 
.. - 
. 
25 
, 
, 
r egu la r ly  was between 6 and 10 feet from t h e  sidewalk. 
improved q u a l i t y  averaged between 1 2  and 18 feet  f o r  some cases ,  and between 
Housing of s i g n i f i c a n t l y  
25 and 30 i n  o thers .  The setback of poor 
more than severa l  feet f o r  a l l  t h e  street  
i n  b e t t e r  q u a l i t y  housing areas, setbacks 
of t h e  average. 
(2) Non-structure-supporting land 
I 
q u a l i t y  housing usua l ly  did not vary 
segments imaged, whereas along s t r e e t s  
var ied  by about 10 feet  on e i t h e r  s i d e  
Land may be non-structure-supporting f o r  a number of  reasons,  including i t s  
use  f o r  parking, r ec rea t ion ,  e t c .  It may a l s o  mean t h a t  poor layout o r  inaccura te  
surveying i n  urban areas  has r e s u l t e d  i n  angular o r  i r r e g u l a r  p l o t s  t h a t  cannot 
be b u i l t  upon. 
b 
Such.land may have a t  one t ime supported a s t r u c t u r e  which has 
been t o r n  down and not  replaced.  I t  may a l s o  mean t h a t  a t  t h e  present  time, no 
one d e s i r e s  t o  bu i ld  on t h e  land, because of poor loca t ion ,  undes i rab le  neighbor- 
hood c h a r a c t e r i s t i c s ,  o r  object ionable  adjacent  land use .  
i n  high o r  good q u a l i t y  r e s i d e n t i a l  a r eas  based on APHA cr i ter ia ,  t h e  amount of 
non-structure-supporting land i s  a t  a minimum. 
. 
Research has shown t h a t ,  
The converse appears t o  be t r u e  i n  
poor q u a l i t y  areas. 
a t  less than f u l l  land u t i l i z a t i o n ,  o r  of i nc ip i en t  withdrawal from a dec l in ing  
a rea .  
In  t h e  l a t t e r  case, t h i s  may be an  ind ica t ion  of s tagnat ion  
APHA items while, on t h e  o ther  hand, Twichel l ' s  paper does not conta in  def ic iency . 
scores for t h e  APHA form. 
J,oiiis cori tnin r w l ~ h t ~ d  ~ l o f i ~ i ~ i ~ y  mxw, t h ~ m  i s  no way o f  knowdny; o i t h o v  (1.1 how 
the t w J g I t t i i q :  senlo was or ig jn t - l l ly  rtei*ivetl, 01: (2) how t o  filloettte d o f i e 3  
f o r  each f a c t o r .  
o f  Ilousing: Part I ,  Nature and Uses of  t h e  blethod, was published i n  1945, i n  New 
York. This publ ica t ion  had not been dbtained by t h e  time of  f i n a l  wri t ing.  
quent ly  it has been necessary t o  r e l y  upon organizat ions and ind iv idua ls  who have 
worked with t h e  APHA appraisal form, 
publ ica t ion  i n  t h e  event t h a t  t h e  present  research is extended. 
Thus, although t h e  forms supplied by t h e  C i ty  of St. 
The AP1-N publicat ion,  An Appraisal Method f o r  Mcasuring thc Qual i ty  
Conse- 
Attempts are still being made t o  l o c a t e  t h i s  
.d 
I 
4 
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(3) Unpaved versus  paved parking l o t s  
In  t h e  poor q u a l i t y  areas studied, t h e  major i ty  of  parking l o t s  were covered 
with cin,clers o r  d i r t .  
l o t s  were paved. 
establishments (e.g, , apartment houses) t ry ing  t o  maintain o r  improve t h e i r  image, 
but it is confined almost completely t o  t h e  b e t t e r  q u a l i t y  housi,ng areas. 
(4) Amount of  on-s t ree t  parking 
Conversely, i n  b e t t e r  housing q u a l i t y  areas, a l l  parking 
This l a t te r  f e a t u r e  may be t h e  r e s u l t  of c e r t a i n  commercial 
.. 
In  b e t t e r  q u a l i t y  housing areas, garages are inva r i ab ly  found on each l o t .  
Since dens i ty  per household i s  r e l a t i v e l y  low and incomes are r e l a t i v e l y  high, 
t hese  s t r u c t u r e s  normally accomodate two veh ic l e s ,  In  t h e  poor q u a l i t y  housing 
6 
a reas  s tud ied ,  mul t ip le -uni t  r e s i d e n t i a l  s t r u c t u r e s  (of ten  conversions) p reva i l ,  
and these  a r e  usua l ly  accompanied only by a s ingle-car  garage. If s i x  families 
l i v e  i n  such a s t r u c t u r e ,  and a l l  s i x  have cars, o r  even i f  two families have 
cars, then a t  l e a s t  one and poss ib ly  f i v e  cars must seek parking on t h e  publ ic  
s t r e e t s .  
t enants ,  so t h a t  t h i s  f e a t u r e  i s  almost i nva r i ab ly  assoc ia ted  with mul t ip le -uni t  
More fashionable mul t ip le -uni t  s t r u c t u r e s  provide parking f o r  a l l  
s t r u c t u r e s  providing poor o r  sub-standard housing. 
( 5 )  Proportions of mul t ip le -uni t  and s ingle-uni t  dwellings i n  an . a rea  
In  criticism of  Green's second item, it was noted t h a t  some urban dwellers 
p r e f e r  t o  r e s i d e  i n  apartment bu i ld ings  . .  ins tead  of  i n  single-family o r  even duplex 
s t ruc tu res .  The po in t  made here  is  t h a t  t h e  ex is tence  of  mul t ip le -uni t  dwellings . 
may c r c a t e  pressure  on open space; f o r  example, 30 people may p o t e n t i a l l y  have t o  
sha re  a 300 square foo t  back yard o r  a small neighborhood park. 
appear e a s i e r  t o  add add i t iona l  persons t o  mul t ip le -uni t  dwellings than t o  s ing le-  
Also, it would 
c 
family dwellings. 
conv,erting a th ree -  o r  four-room apartment i n t o  two o r  t h r e e  o r  even four l i v i n g  
u n i t s  housing many more persons than t h e  number f o r  which t h e  uni t 'was  o r i g i n a l l y  
This  is  f requent ly  done i n  poor q u a l i t y  housing a reas  by 
k 
4 
. i n t e n d ~ d . ~ ~  Attachments cons is t ing  of  wood and t i n ,  
exhibi t ing s tove  pipes ,  were very common i n  t h e  poor 
almost nonexistent i n  t h e  b e t t e r  q u a l i t y  a reas .  
(6) Archi tectural  s t y l e  
27 
with severa l  of t hese  
q u a l i t y  areas, but were 
I f  v a r i e t y  i n  s t y l e  mayabe taken as an ind ica t ion  t h a t  a subdivis ion was not  
t 
b u i l t  as cheaply as possible ,  t h i s  may provide another general  i nd ica to r  of housing 
qua l i ty .  
t h e  exis tence of a v a r i e t y  of housing s t y l e s  such a s ' r anch ,  co lonia l ,  and s p l i t -  
,. 
In  t h e  areas imaged, higher q u a l i t y  housing tended t o  be assoc ia ted  with 
l eve l .  
l imi ted  amount of  s t y l e  v a r i a t i o n  was observed. 
On t h e  o the r  hand, i n  t h e  poor q u a l i t y  housing a reas  s tudied,  only a 
The poin t  made here  is somewhat 
marginal s ince  operat ions of 
but as a first approximation 
has been usefu l ,  
(7) Landscaping 
6 
t h e  bui lding indus t ry  have not  been s tudied  i n  d e t a i l ,  
based upon items r e a d i l y  perceived i n  t h e  imagery, it 
I n  t h e  b e t t e r  a reas ,  landscaping appears i n  t h e  form of shrubs, e levated 
The opposi te  lawns, rock gardens, flower beds, etc.,  and i s  q u i t e  widespread. 
tends t o  hold t r u e  i n  t h e  poor q u a l i t y  housing areas. 
family s t r u c t u r e  i n  an area of  predominantly poorer .mult iple-uni t  s t r u c t u r e s  w i l l  
a l s o  exhib i t  landscaping. 
Occasionally a s ingle-  
* 
(8) Condition of  lawn 
The imagery obtained i n  t h e  pho~ographic  inf ra - red  c l e a r l y  d i f f e r e n t i a t e s  
between g ras s  and d i r t .  
without exception. 
Grass lawns p reva i l  i n  t h e  b e t t e r  q u a l i t y  housing a r e a s  
I n  t h e  poor q u a l i t y  housing areas, i f  t h e  "lawns" a r e  not  
r 
i 34See pages 148-149, Part I1 Sect ion 11, "Urban Growth and Deter iorat ion" i n  
Housing ind Cit izenship:  A Study i n  Low-Cost Housingby George H, Grey, Reinhold 
Publishing Co., New York. 1946. c 
1 
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h 
d i r t ,  t h e  q u a l i t y  of  g r a s s  is  poorer, i . e + ,  not  as hea l thy ,  and is  f r equen t ly  
patchy. 
'(9) Presence of l i t t e r  
This f e a t u r e  w i l l  be discussed a t  much g r e a t e r  length  i n  t h e  following 
pages, and is s e t  f o r t h  here  as one of  t h e  outstanding i n d i c a t o r s  of  poor q u a l i t y  
housing. 
are wide-sprcad. 
In  t h e  poor qua l i ty 'hous ing  a r e a s  s tud ied ,  l i t t e r , .  garbage, and junk 
In  t h e  b e t t e r  q u a l i t y  housing areas, t h e i r  occurrence i s  a r a r i t y .  
(10) Lack of  curbing along parkways 
The cement curbing along parkways appears as a s o l i d  l i n e  i n  imagery of t h e  . 
b e t t e r  q u a l i t y  housing areas, In t h e  poor q u a l i t y  housing areas ,  curbing has  
e i t h e r  been broken o r  worn away, or  has not kept pace with building. 
t h e  photographs i n  t h e  in f r a - r ed  w i l l  r evea l  s ec t ions  of parkways .which have 
Frequently, 
I .  
been run over by car t i res ,  and t h e  g r a s s  worn away. 
Appraisal Forms Based on Data Generated from Multiband Aerial Photographs 
The following t a b l e s  represent  t e n t a t i v e  appra i sa l  forms which have been 
developed i n  an  attempt t o  make maximum use  of t h e  multiband a e r i a l  photographs 
i n  t h e  generation o f  housing q u a l i t y  da ta .  The genera l  format follows t h e  APHA 
forms f o r  t h e  present,  t h a t  is, f e a t u r e s  w i l l  be dichotomized as t o  e i t h e r  s t r u c t u r e  
o r  environmental i n d i c a t o r s .  
The penal ty  scores  shown are derived i n  p a r t  from t h e  APHA appra i sa l  form. 
Tho rcmnindcr w r o  QstabIiShod on t h ~  basis of data gonoratod cluring t h a  p r c s ~ n t  
study. A t  t h e  time t h i s  r e p o r t  was prepared, t h e  APHA had furnished only a b r i e f  
o u t l i n e  p e r t a i n i n g - t o  t h e  computations which led  t o  t h e  exact de r iva t ion  of t h e i r  
I 
! 
penal ty  scores.  
as similar by t h e  APHA and t h i s  s tudy  and can be compared with *the knowledge t h a t  
a highly respec ted  organiza t ion  es tab l i shed  t h e  scoring precedent. 
The APHA scores  are ' pa r t i cu la r ly  use fu l  when two items are regarded 
. I  
These scores  I 
29 
. .  
I .  
* ;  
TABLE 4 
STRUCTURE SURVEY: APPRAISAL 
FROM MULTIBAND AERIAL 
Item I 
A. ' FACILITIES 
1 
2 
3 . 
4 
MAXIMUM 
ITEMS EXTRACTABLE 
PHOTOGRAPHY 
M a x i m u m  
Penalty Score 
20 
a commercial s t r i p ,  
S t ruc ture :  Main Access. 
Access t o  residences may be from 
from a high-volume , high-speed s t r e e t  , froin a q u i e t  
r e s i d e n t i a l  s t r e e t .  Access i n  these  cases a r e  no t  
equal i n  t e i m s  of  s a f e t y ,  convenience, comfort. 
Daylight Obstruction. 
This item measures obs t ruc t ion  by adjacent bu i ld ings  
o f  t h e  normal amount of sun l igh t  which would e n t e r  
t he  dwelling. 
Dual Egress. 
This item measures a very important s a f e t y  f a c t o r  
( f i r e )  and a l s o  a convenience f ac to r ,  i .e . ,  a l l  per- 
sons would have t o  go i n  and out one door, and t h i s  
could involve considerable movement around the  s t r u c -  
t u r e .  
but i s  included because it could be very se r ious  i n  
case o f  f i r e .  
This item more l i k e l y  occurs i n  t h e  s ingu la r ,  
Building Architecture.  
This item measures s t r u c t u r e  s t y l e ,  i . e . ,  unimagina- 
b 
45 
100 
t i v e  , assembly-line type apartment bu i ld ings  o r  
smal le r  s t r u c t u r e s  versus d i s t i n c t  s t y l e s  such as high- 
r i s e  apartment bu i ld ings  l i k e  honey-combed Marina 
Towers i n  Chicago, o r  smaller s t r u c t u r e s  i n  ranch, 
co lonia l  o r  s p l i t - l e v e l  s t y l e s .  
DWELLING TOTAL 
> 
180 
, 
. .  . .  
30 
TABLE 5 
Item 
ENVIRONMENT SURVEY: APPRAISAL ITEMS EXTRACTABLE 
FROM MULTIBAND AERIAL PHOTOGRAPHS 
Maximum 
I Penalty Score 
- 
A. LAND CROWDING 
. 
B. 
-. . 
I 
I 
1 Coverage by St ruc tures .  30 
The a r e a l  incidence of  s t r u c t u r e s  on l o t s  i s  measured 
and summed over a c l u s t e r  o r  t h e  neighborhood. 
r a t i n g  of  necess i ty  implies l e s s  f r e e  space p e r  area 
considered. 
A high 
* 
2 Resident ia l  Building Density. 10 
The number of  ?es iden t i a l  bui ldings p e r  area i s  
recorded; eg. , 80 p e r  block, and penal ized according 
t o  c r i t e r i a  e s t ab l i shed  by the  inves t iga to r .  
3 Resident ia l  Yard Areas. 20 
The amount of free space p e r  l o t  is summed over  t h e  
c lus t e r ;  t h i s  is a combination of 1 and 2, coverage 
and r e s i d e n t i a l  bu i ld ing  densi ty .  
4 Building Frontages. 10 
The d is tance  from t h e  bui ld ing  f ront  t o  the  sidewalk 
is ca lcu la ted .  This is  a measure of  monotonicity. 
5 Multiple-Unit Versus Single-Unit Resident ia l  S t ruc tures .  30 
This is a measure of  population dens i ty  and f r e e  
, space ava i lab le  p e r  person p e r  a rea .  - 
100 
NONRESIDENTIAL LAND USES 
1 Areal Incidence o f  Nonresidential  Land Uses. . 15 
The proport ion of  t he  a r e a l  ex ten t  of the  a rea  
occupied by o the r  than r e s i d e n t i a l  s t r u c t u r e s  (eg. 
commercial o r  i n d u s t r i a l  a c t i v i t y )  is calculated.  
2 Linear Incidence of Nonresidential  Land Uses. 20 
The proport ion of use o t h e r  than r e s i d e n t i a l  
loca ted  along s t r e e t s  , r i v e r  banks, r a i l r o a d  
tracks, etc. , forming frontage is  ca lcu la ted .  
3 Spec i f i c  Nonresidential  Hazards and Nuisances. 40 
Examples of these  are wrecked cars, l a rge  pi les  of 
l i t t e r  and garbage strewn behind garages, i n d u s t r i a l  
p l an t s  a and warehouses. . .  
31 
, 
Item 
4 
5 
6‘ ’ 
TmLE 5--Continued 
M a x i m u m  
Penalty Score 
Smoke Incidence. 
i n d u s t r i a l  p l an t s  and garage l o t s .  
Non-Structure-Supporting Land. 40 
This includes vacant lots which a re  no t  u t i l i z e d  f o r  
an organized purpose, and are frequent ly  found t o  be 
strewn with wrecked cars  ,, garbage, l i t t e r ,  c inder  from 
furnaces. This land may be an ind ica t ion  of  stagna- 
t i on  o r  withdrawal i n  an area. ’ 
In  p a r t i c u l a r  t h e  search is f o r  smoke emanating from 10 
Non-Structure-Supporting Organized Land. 10 
I n  p a r t i c u l a r ,  unpaved versus paved parking l o t s  is 
measured 
7 &-Street  Parking. 
The number of vehicles  u t i l i z i n g  on-s t ree t  parking 
faci l i t ies  may be an indica t ion  of population p e r  
area, or population p e r  s t r u c t u r e  ( i f  l a rge ) .  
This item may be an i n d i c a t o r  of low-value housing; 
i .e. , of f - s t r ee t  parking p r iv i l eges  may be a func- 
t i o n  of  r en t  p e r  area o r  s t r u c t u r e  (if l a rge ) .  . 
C. PRIVATE ORGANIZED FREE SPACE 
15 
- 
150 
1 Landscaping. 45 
This item i s  a measure of shrubbery (hedges), g rass ,  
pa t io s ,  t r e e s ,  walks  o r  fences found i n  t h e  l o t s ,  
c lu s t e r s ,  o r  neighborhoods. 
i 
2 Condition of Green Spaces. 15 
This item measures grassed areas versus bare  ea r th  
areas, new o r  o l d  grass ,  dying or heal thy  grass ,  
paths  worn through grass .  
3 Litter o r  Garbage Factor.  75 
This is a measure of neatness or c leanl iness  o f  
areas  i n  t e r n s  of  o ld  foundations, l i t t e r ,  gar- 
bage, wrecked cars  , lumber p i l e s  found strewn over 
. *  * .  
o r  occupying f r e e  space. - 
135 
D. HAZARDS AND NUISANCES FROM TRANSPORTATION SYSTEM 
, * 
1 S t r e e t  T ra f f i c .  20 I 
- .  . 
I 
T r a f f i c  moving through r e s i d e n t i a l  area is  de ter -  
I 
mined. 
versus t ruck) ,  volume (high versus low) , speed (fast 
versus slow) , d i s t r i b u t i o n  (lumped o r  spread out) , 
di rec t ion  (one-way versus two-way). 
crossing streets or playing i n  t h e  streets, and nui-  
sances such as g la re ,  noise ,  and fumes are considered. 
This measure may be i n  t e n s  o f  type (car 
Danger t o  chi ldren 
t 
i 
‘ b  
I 
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TABLE S--Continued 
Item M a x i m u m  Penalty Score 
E. 
2 Railroads (Freight  and Passenger) and Switchyards. 
This item measures danger t o  persons mid vehicles  
crossing the  r a i l roads ,  and nuisances such as noise  
and v ibra t ion .  
3 Alleyways. I 
This i tem measures the  condition of  the  a l l e y  wi th  
part ' icular reference t o  c leanl iness .  
of fu rn i tu re ,  l i t t e r ,  etc., .  c o n s t i t u t e  a h e a l t h  hazard 
by providing forage food and sometimes .harborage f o r  
rats. In addi t ion t o  composition, capaci ty  o f  t he  
a l l e y  t o  accommodate garbage t rucks  and cars is  con- 
s i dered. 
Garbage, b i t s  
PUBLIC UTILITIES 
15 
35 
- 
70 
1 S t r e e t s ,  Walks, Parkways. 20 
The provis ion and condition of  streets, walks, park- 
ways, is determined. Lack of curbing along s t r e e t s  o r  
parkways, organized land without provis ion of  these 
This i t e m  a l s o  includes condition of grass  on parkways; 
. f a c i l i t i e s ,  condition o f  the  f a c i l i t i e s ,  a r e  included. 
i . e . ,  g rass  versus bare  ear th .  - 
20 
F. PRESENCE OF BASIC CCNMUNITY FACILITIES 
1 Elementary Publ ic  Schools. 10 
This item measures the  a v a i l a b i l i t y  o f  schools.  In  
order  t o  measure adequacy, age da t a  a r e  necessary. 
The loca t ion  of  t h e  school is  considered he re  (sur- 
rounded by high-speed, h'igh-volume s t r e e t s )  as i s  the  
. ' a r ch i t ec tu re ,  and landscaping. 
2 Publ ic  Playgrounds. 15 
The loca t ion  and a v a i l a b i l i t y  of  asphal t  baske tba l l  
cour t s ,  t ennis  courts ,  equipment is determined. 
3 Public  Playficld.  10 
This iiem measures a v a i l a b i l i t y  o f  fields f o r  ~ O O Z -  
b a l l ,  baseba l l .  
c 4 Other Publ ic  Parks. 10 
This i s  a measure of green f r ee  space containing 
trees, grass ,  pools,  etc. , and providing walking, 
I r e s t ing ,  and p i c n i c  areas. ' - 
I 
1 
45 
r' 
520 
/ , MAXIMUM ENVIRONMENT TOTAL 
I 
i . .  
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losc  meaning on a r c l a t i v e  s c a l c  only i f  t h e  item i s  marginally cx t r ac t ab lc  from 
t h c  imagery. 
imagery will not be as va luable  t o  t h e  form developed hcrc  as it would bc f o r  t h e  
APHA form. 
That is, an item which is d i f f i c u l t  t o  c x t r a c t  and i d c n t i f y  from t h e  
Items which are equal ly  ex t r ac t ab le  but  which have becn deemed unequal 
i n  importance as ind ica to r s  of housing q u a l i t y  are given here  unequal pena l ty  
scores ,  and v i c e  versa. 
ex t r ac t ,  then i t s  va lue  i s  diminished. 
An iiem may be important, bu t  i f  it is  d i f f i c u l t  t o  
- 
I t  is intended t h a t  t h e  pena l ty  scores  i n  Table 5 serve only as q u a l i t a t i v e  
Nine r ep resen ta t ive  study 
However, f a r  more than 
ind ica to r s  of t h e  re la t ive importance of  each fea ture .  
areas have been reported on i n  some d e t a i l  i n  Appendix C, 
t h i s  number have been analyzed from t h e  imagery. 
as de ta i l ed  expl ica t ion  of what can be ex t rac ted  from t h e  imagery. 
of  a t tach ing  scores  a t  even an  inc ip i en t  s t age  l i e s  i n  t h e  ease with which t h e  
r e l a t i v e  importance of each f a c t o r  can be perceived, as of  t h a t  time. That is, 
a penal ty  score  of  50 versus  a penal ty  score of 25 ind ica t e s  t h a t ,  based on t h e  
procedure of t h i s  study, one f a c t o r  i s  twice as important (or ,  twice as  se r ious  
L 
a 
The case s tud ie s  arc included 
The u t i l i t y  
i 
a deficiency)  as another,  as a housing q u a l i t y  ind ica tor .  
The scope of t h i s  paper precludes an attempt t o  produce an ana ly t i ca l  
I 
! 
' - ., 
' .  
, 
so lu t ion  t o  t h e  problem of scoring (e.g., what score  l e v e l s  i nd ica t e  poor q u a l i t y  
housing) and although t h e  l i t e r a t u r e  search d id  not revea l  t h e  app l i ca t ion  of 
f a c t o r  ana lys i s ,  35 a mathematical technique which appears t o  have considerable  
po ten t i a l  i n  t h i s  arGa, it d id  revea l  t h e  app l i ca t ion  of a technique known as  s c a l e  
a n a l y ~ i s . ~ '  T h e - l a t t e r  approach is out l ined  i n  Appendix E o f  t h i s  papcr, and 
* 
35F0r a d e t a i l e d  desc r ip t ion  of  f a c t o r  ana lys i s  see:  H. Harman, Modern Factor 
M.G. Kendall, A Course i n  Mul t ivar ia te  Analysis (London: Charles Gr i f f in) ,  1957. 
Analysis (Chicago: University of Chicago Press ) ,  1960, and 
, , 
I 
36Louis Guttman, "A Basis fo r  Scaling Qua l i t a t ive  Data" i n  American Sociological  
Louis Guttman, Measurement, and Predic t ion  (Princeton Universi ty  Press), 1950. 
Review, Apri l  1944, pp. 139-150. 
i 
I( 
f 
! 
! 
* 
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several  comments a r e  made as to  how scale ana lys i s  has been u t i l i z e d  by N.  E. 
Green. 
The scores  were assessed, therefore ,  not  only i n  terms of  frequency of appear- 
ance of t h e  item, but  upon assoc ia t ion .  
t h a t  on t h e  b a s i s  of research  ca r r i ed  out ,  t h a t  l i t t e r ,  garbage, and junk are among 
t h e  outstanding ind ica to r s  of areas of low q u a l i t y  housing. 
been absent from an area  which contained even.one def ic iency  itcm i n  scc t ions  A, B, 
6 ,  D ,  E. A s  shown by t h e  scores ,  t hese  f a c t o r s  assunk g r e a t e s t  va lue  (75) when 
they can be t r aced  t o  s t ructure-support ing land and can be  a t t r i b u t e d  t o  homeowners 
o r  landlords .  
(Table 5: B3(40) + BS(40) + C3(75) + D3(35) = 190). 
For exaqiple, t h i s  i nves t iga to r  asserts 
I 
They have not  ye t  
They could d i r e c t l y  account f o r  a maximum of  190 penal ty  poin ts .  
. The t o t a l  s co re  f o r  t h e  housing q u a l i t y  appra i sa l  form generated by t h i s  
study is  summarized i n  Table 6. 
* 
TABLE 6 
HOUSING QUALITY APPRAISAL 
Category Tota l  Penal ty  Score 
S t ruc tu re  Appraisal 180 ' 
520 Environment Appraisal  
HOUSING QUALITY TOTAL 700 
- 
The preliminary appra i sa l  forms i l l u s t r a t e d  i n  Tables 4 and 5 are claimed t o  
be  as ob jec t ive  as those s e t  f o r t h  by t h e  APHA. 
as those  which 'are rkproducible.  . The following t a b l e s  spec i fy  those  c r i t e r i - a  which, 
Object ive c r i t e r i a  a r e  dcfined 
i n  t h i s  study, do not  appear t o  lend themselves t o  ob jec t iv i ty .  A l l  o thers ,  it i s  
c 
claimed, e i t h e r  are ob jec t ive  o r  can be made so  through f u r t h e r  t e s t i n g  and r e f i n e -  
me&. Collaborat ion with t h e  API-IA would have proven p a r t i c u l a r l y  useful  i n  t h i s  
par t  of t h e  study. t 8 
I 
. .  
* 
I 
TABLE 7 
NON-OBJECTIVE CRITERIA 
Item 
_I
A1 S t ruc ture :  Main Access 
A4 Building Archi tec ture  
NON-OBJECTIVITY SCORE 
I 
TABLE 8 
NON-0 BJ ECTIVE CRITERIA 
Item -
i 
C 1  Landscaping 
C 2  Condition of  Green Spaces 
D 1  S t r e e t  Traffic 
E l  S t r e e t s ,  Walks, Boulevards 
NON-0 BJ ECTIV ITY SCORE 
35 
I N  TABLE 4 
Maximum Penalty Score 
20 
35 
55/180 = 20% 
7 
I N  TABLE 5 
Maximum Penal ty  Score 
45 
15 
20 
20 
100/520 = 19% 
. 
The determination o f  threshold levels f o r  t h e  i d e n t i f i c a t i o n  of  housing 
q u a l i t y  based on s t r u c t u r e  and environment appra isa l  must await f u r t h e r  develop- 
ment. I t  appears a t  t h i s  time t h a t  no absolu te  measures can be of fe red .  The 
forms i l l u s t r a t e d  conta in  suggested housing q u a l i t y  ind ica to r s  generated from 
multiband aer ia l  photographs. 
i n t e re s t ed  researchers  are l imi ted  only by t h e i r  own imaginations. 
There i s  ample room f o r  experimentation here ,  and 
6 
' .  
, 
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CONCLUSIONS 
Chapter I V  
The preceding chapter  e x p l i c i t l y  notes  t h a t  abso lu t e  measures have not been 
I 
generated f o r  evaluating s t r u c t u r e s  o r  c l u s t e r s  o f , s t r u c t u r e s  * a s  a r e s u l t  of 
ana lys i s  and i n t e r p r e t a t i o n  of t h e  case s tudy ' a reas .  
attempted r e so lu t ion  of  t h e  problems which have bese t  t h e  sound-deteriorating- 
This does not mean t h a t  any . 
di lap ida ted  housing c l a s s i f i c a t i o n  w i l l  be ignored. 
research severa l  general  observations have been ,developed per ta in ing  t o  t h i s  
c l a s s i f i c a t i o n  problem, as well  as t o  t h e  po ten t i a l  r o l e  of t h e  multiband imagery 
i n  approaching t h e  problem of housing q u a l i t y  appra isa l .  
On t h e  bas i s  of t h e  present  
6 
. 
Class i f i ca t ion  of Housing Qual i ty  -- A Compromise Solution 
The following observations a r e  offered a s  poss ib le  so lu t ions  t o . c r i t i c i s m s  
leve l led  aga ins t  housing da ta  generated by t h e  Census, and t o  a l e s s e r  degree, t h a t  
generated a s  a r e s u l t  of u t i l i z i n g  t h e  APHA appra i sa l  forms i n  a housing survey: 
(1) Census housing d a t a  are far too r e s t r i c t e d  i n  t h a t  t h e  environmental 
condi t ions are t o t a l l y  neglected; t h e  approach introduced by t h e  APHA and 
repeated i n  t h i s  study l e a d s ' t o  more meaningful statements about housing q u a l i t y  
and a f fo rds  much more usefu l  da ta  t o  t h e  l a rge  number of in t e re s t ed  users .  
a r c  a l so  rccordcd i n  block u n i t s  by t h c  Census, so that a t  t h i s  lcvc l  of aggre- 
gat ion,  inc lus ion  o f  ehvironmental da t a  shou1.d not prove overly cumbersome. 
Data 
(2) The bas i c  u n i t  of da t a  c o l l e c t i o n  should not  be confined t o  t h e  block. 
In  ,many s i t u a t i o n s  users  r e q u i r e  da t a  which must be worked and re-worked, a t  e i t h e r  
higher o r  lower l e v e l s  of aggregation i n  order  t o  overcome a r t f f  i c i a l  r e s t r i c t i o n s  
o r  l imi t a t ions  imposed by present  methods of  da ta ,handl ing ,  A new approach which 
, 
/ 
6 
37 
would permit data  co l l ec t ion ,  s torage  and presenta t ion  a t  var ious l cve l s ,  ( t o  be 
spec i f ied  by da ta  users )  ye t  without l o s s  of d a t a  s e n s i t i v i t y ,  would markedly . 
improve the  u t i l i t y  of  Census housing da ta .  
e ,  
37 . 
(3) Provisions should be inherent  i n  t h e  system t o  accommodate d i r e c t l y  
information which p e r t a i n s  t o  hazards t o  l i f e  o r  hea l th .  
should be a b l e  t o  incorporate  cha rac t e r s  (numbers, l e t t e r s  of a lphabet ,  symbols) 
which could s i g n i f y  s t ruc tu ra l . haza rds ,  i n d u s t r i a l  hazards,  s a n i t a t i o n  condi t ions,  
For example, t h e  system 
1 
- 
etc. (plumbing, heat ing,  ra ts ,  etc.) which pose such 'immediate hazards. 
(4) The sound-deter iorat ing-di lapidated controversy may i n  p a r t  arise from 
at tempts  t o  p i n  down an  *e lus ive  concept through the  app l i ca t ion  o f  an a l l - i n c l u s i v e  
desc r ip t ive  c l a s s i f i c a t i o n .  
b 
There are any number of  c r i t i c a l  de fec t s  which may 
, .  . .  
i 
i 
cause s p e c i f i c  housing f ac i l i t i e s  t o  be c l a s s i f i e d  as d i l ap ida ted .  . .  Aggregation of 
these  de fec t s  i n t o  a s i n g l e  category makes it d i f f i c u l t ,  i f  not impossible, t o  c a r r y  
out adequate f i e l d  checks of such housing. For example, i f  a housing u n i t  was 
c l a s s i f i e d  as d i lap ida ted  because of  severa l  de fec t s ,  and i f  t h e  de fec t s  were noted, 
then, i f  a c i t y  a u t h o r i t y  f i e l d  checked such a u n i t ,  t h e  a u t h o r i t y  could r e a d i l y  
37The following r e p o r t s  d i scuss  t h i s  observat ion i n  g rea t e r  d e t a i l .  
Evelyn S. Mann, Op. w., "Experience i n  t h e  Development of  a Program of 
Analysis U t i l i z i n g  196FMagnetic Tapes." 
W.L. Garrison, A .  Rosenfeld, R.H.  Alexander, E.N. Thomas, D.F. Marble, and 
M. Thompson, Five Papers on Remote Sensing and Urban Information Systeas.  
nological  Report No. 1, Urban and Transportat ion Information Systems, Department 
of Geography, Northwestern Universi ty ,  Evanston, I l l i n o i s .  1966, 
' W.L. Garrison, R. Alexander, IV. Bailey, M.F. Dacey, and D.F. Marble. Data 
Systciiis Requj remcnts .for Geographic Research, 
Informat ion Systems, Dcpartment of Geography, Northwestern University,  Evanston, 
I l l i n o i s .  1965. 
Urban and Transportat ion Information Systems. 
Univer s it y , Evanston , I1 1 ino i s .  1966. 
S e r i e s  of Queries Designed to  Expl ica te  t h e  Nature of t h e  Demands Which May be 
Addressed t o  a Geographic Information System." 
University,  Evanston, I l l i n o i s .  1966 (Mimeographed). 
Maryland--National P a r k .  and Planning Commission, S i l v e r  Spring, Mcl. 1962. 
Tech- . 
Technical Report No. 2 ,  Geographic 
Kenneth J. Dueker; Spa t i a l  Data Systems. Technic21 Report Nos. 4, 5, 6. 
Department of  Geography, Northwestern 
Barry Wellar, "Towards t h e  Development of  a Geographic Information System: A 
Department of  Geography, Northwcstern 
R.D. Campbell and M.L. LeBlanc. An Information System f o r  Urban Planning. 
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d i scc rn  i f  t h e  c r i t i ca l  d e f e c t s  s t i l l  remained o r  i f  improvements had becn madc. 
A p o s s i b i l i t y  here  is  t o  key t h e  c r i t i ca l  d e f e c t s  and/or t o  provide a housing 
appra i sa l  score  f o r  t h e  block, which, though not absolu te ,  i s  r e l a t i v e .  
A "cut t ing  edge" may o r  may not have been developed by t h i s  d i scuss ion .  The 
onus remains upon t h e  d a t a  use r s  t o  inform t h e  d a t a  c o l l e c t o r s  with r e spec t  t o  
1 
t h e  des i red  composition of t h e  d a t a  set. S imi la r ly ,  d a t a  users may wish t o  impose 
t h e i r  own cut-off po in t s ,  o r  they.may wish t h a t  un ive r sa l  cut-off p o i n t s  be 
es tab l i shed  by t h e  d a t a  c o l l e c t i o n  and d i s t r i b u t i o n  groups. 
is  expressed with cut-off po in t s ,  t h e  source of t h i s  d i s s a t i s f a c t i o n  must be 
If d i s s a t i s f a c t i o n  
loca ted ,  and if poss ib le ,  resolved. This  paper suggests t h a t  d e f e c t s  detected'by 
one organiza t ion  
only be resolved 
.(5) There 
obv ious 1 y ! ,) with 
must be made apparent t o  o the r  organiza t ions  s i n c e  arguments can 
, 
i f  t h e  involved p a r t i e s  are aware of t h e  source of disagreement. 
are l i m i t a t i o n s  t o  t h e  photographic method, p a r t i c u l a r l y  (and 
respec t  t o  being a b l e  t o  ob ta in  information regarding t h e  i n t e r i o r  
of s t r u c t u r e ,  
f a c i l i t i e s ,  o r  space per person per u n i t .  
determine such items as inadequate f i r e  r e s i s t a n t  separa t ions ,  s ta i rway enclo- 
No d a t a  can be generated from present  imagery dea l ing  with 
Further,  t h i s  approach cannot- d i r e c t l y  
sures ,  p a r t i t i o n s  between u n i t s ,  o r  b o i l e r  room enclosures.  
U t i l i t y  of t h e  Multiband Aer ia l  Photographs 
The multiband p r i n t s  have not y e t  been thoroughly tested,* pr imar i ly  because 
7 -  4 .  
i 
of severe  l imi ta t ion ' s  iinposcd by t h e  q u a l i t y  of t h e  imagcry on hand. .That important 
I 
, 
cont r ibu t ions  can be made by both t h e  v i s i b l e  and photographic inf ra - red  por t ions  
of t h e  electromagnetic (e-m) spectrum has been demonstrated. The following obser- I 
i 
va t ions  are made only on t h e  basis of  what can be determined from a simple dichotomy 
of t h e  e-m spectrum i n t o  t h e  v i s i b l e  (bands 1, 2, 3, 4,  5 ,  6 )  and t h e  photographic 
inf ra - red  (bands 7, 8, 9), as well as on t h e  b a s i s  of cu r ren t  l e v e l s  of  r e so lu t ion  
39 
(20 t o  30 l i n e s  per mill imeter).38 
reference t o  reso lu t ion .  The u t i l i t y  of t h e  multiband photographs w i l l  obviously 
be a funct ion of reso lu t ion ,  but  imagery with d i f f e r e n t  r e so lu t ion  l e v e l s  has not 
Imagery i n  t h e  Case Studies  i l l u s t r a t e s  t h e  
ye t  been made a v a i l a b l e  t o  t h i s  study. 
housing q u a l i t y  surveys and conventional a e r i a l  photography, whereas o thers  r e f e r  
s p e c i f i c a l l y  t o  t h e  mul t iband 'aer ia l  photographs: 
Several  of t h e  observations p e r t a i n  t o  
(1) A grea t  v a r i e t y  of  housing information i s  ava i l ab le  i n  terms of numbers, 
sizes,  ex te r io r  condition, s t y l e .  
(2) Land use  can be  i d e n t i f i e d  with a high degree of r e l i a b i l i t y  and 
c l a s s i f i e d  as t o  commercial, i n d u s t r i a l ,  r e s i d e n t i a l ,  r ec rea t iona l ,  organized 
and unorganized. 
(3) 
a 
Motor veh ic l e  f a c i l i t i e s  can be described i n  terms of s i z e  (width), 
d i r e c t i o n  of f low,  amount of flow, parking provisions.  
(4) Environmental condi t ions such as green spaces, trees, grass ,  shrubbery, 
a r e  r e a d i l y  ex t r ac t ab le  from p r i n t s  i n  t h e  photographic I R  bands, and neatness  
(evidence o r  lack of l i t t e r )  is r e a d i l y  ex t r ac t ab le  from t h e  p r i n t s  i n  t h e  v i s i b l e  
bands. 
(5) Photography captures  an a rea  i n  time and permanently r e g i s t e r s  t h e  a rea  
imaged, 
slices of time. 
This is  most valuable  i n  terms of visual1y.observing change through 
3SResolution l eve l s  a r e  f u r t h e r  discussed in :  
. P.N. S l a t e r ,  R.11. Noble, B . J .  Savidgc. "Summary Report on Photography Obtained - 
with ALOTS. '' 
Laboratory of Steward Observatory, Universi ty  of Arizona, Tucson, Arizona. March 
1967. 
graphic range a t  40,000 f e e t .  (The Case Study imagery i n  t h i s  r epor t  i s  from 3000 
f e e t )  This applied even f o r  some of  t h e  oblique photographs because r e so lu t ion  had 
been found t o  be r e l a t i v e l y  i n s e n s i t i v e  t o  increase  i n  photographic range. Such a 
system p a r t i a l l y  a l l e v i a t e s  concern about r e so lu t ion  from high-a l t i tude  cameras, 
because ex t r ac t ion  and i d e n t i f i c a t i o n  inputs  do not  seem t o  d i f f e r  from t h e  inputs  
required i n  t h e  s tudy of t h e  imagery contained in. Appendix C of  t h i s  paper. 
more, t h e  ALOTS system was forced t o  use less-than-optimum f i l m  types,  suggesting 
t h e  p o s s i b i l i t y  of  even higher q u a l i t y  re turns .  
(Automatic Lightweight Optical  Tracking System) Optical  Sciences 
On page 10 of t h a t  r epor t  it s t a t e s  t h a t  t h e  ALOTS system tes t  set photo- 
, _  
' 
Further- 
if 
40 
(6) 
of photography. 
The f l c x i b i l i t y  of handling da ta  u n i t s  is an important c h a r a c t e r i s t i x  
Block da ta ,  s t r e e t  da t a ,  c l u s t e r  da t a ,  s l i c e s  of block da ta ,  
a r e  a l l  poss ib le  with photography. 
changes i n  t h e  da t a  set can be made long a f t e r  t h e  i n i t i a l  ana lys i s  and i n t e r -  
p re t a t ion  i n  a far more f l e x i b l e  manner than is poss ib le  with Census- o r  APHA- 
col lec ted  da ta .  
(7) 
The a rch iva l  na ture  of t h e  images mcans t h a t  
I 
A "screening survey" (Twichell, p. 48) i s  an example of one way i n  
which multiband photography appears t o  be of immediate use.  
may be defined a s  one t h a t  roughly o u t l i n e s  t h e  problem a reas  (blighted o r  slum), 
suggests t h e  na ture  and magnitude of problems t o  be an t ic ipa ted  the re ,  and helps  
i n  t h e  broad shaping of publ ic  po l icy ,  
a e r i a l  photographs can provide addi t iona l  d e t a i l  and accuracy, t h e  leve l  of which 
A screening survey 
* 
4 
However, i f  necessary, t h e  multiband 
i s  a funct ion of  imagery qua l i t y ,  t h e  nunber of researchers  involved, and t h e  
requirements o f  these  researchers .  
. 
4 1  
, 
' Chapter V 
IMPFICATIONS FOR FUTURE RESEARCH 
T h i s  study has been concerned w i t h  t h e  generation of housing q u a l i t y  da t a  
from multiband a e r i a l  photographs, and t h e  subsequent c l a s s i f i c a t i o n ,  evaluation, 
and presentat ion of such da ta ,  There a r e  a number of i n t e r e s t i n g  urban problems, 
however, which a r e  beyond t h e  scope of t h e  present inves t iga t ion ,  but which 
appear t o  be a t  l e a s t  p a r t i a l l y  suscept ib le  t o  so lu t ion  i f  subjected t o  f u r t h e r  
study. Several of these  problems are out l ined below as avenues of research which 
merit se r ious  considerat ion i n  t h e  very near  fu tu re .  In addi t ion ,  several  po in ts  
are made w i t h  respect  t o  problems i n  t h e  u t i l i z a t i o n  o f  imagery such a s  t h a t  used 
i n  t h i s  study. 
* 
(1) Large urban cen te r s  represent  a major socioeconomic problem as evidenced 
by t h e  l a rge  body of l i t e r a t u r e  point ing out  t h e  exis tence of  slums and b l igh ted  
r e s i d e n t i a l  d i s t r i c t s ,  e t c .  I t  appears, however, t o  repea t  a po in t  made e a r l i e r ,  
t h a t  substandard housing u n i t s  a r e  more of a problem in t h e  suburbs than i n  t h e  
cen t r a l  c i t i e s  f o r  both owner- and senter-occupied housing i n  a l l  a reas  i n  the  
United S t a t e s  except t h e  Northeast. (The o ther  a reas  being North Central ,  South, 
Considerable t c s t i n g  i n  a v p r i c t y  of urban a rcas  w i l l  be rcquircd t o  
g i v e  the procedure suggested here  t h e  v i a b i l i t y  necessary t o  makc it a usefu l  and 
r e l i a b l e  generator  of housing qua l i t f  da ta ,  and very possibly o f  o ther  components 
I 
"Advisory Commission on Intergovernmental Relat ions,  Metropol i t a n  Social  
and Economic Di spa r i t i e s :  Implications f o r  Intergovernmental Relat ions i n  Central  
C i t i e s  and Suburbs, pp. 19, 20, 182-193. 
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* 
40 of t h c  urban da ta  s c t .  
(2) One suggested use  of multiband a e r i a l  photography i n  urban a reas  is  
t h e  clcvclopmcnt of a number o f  sociocconomic statistics f o r  persons occupying 
t h e  small a r eas  (or  res idences)  That is ,  t o  provide est imates  of t h e  
socioeconomic c h a r a c t e r i s t i c s  o f  persons occupying p a r t i c u l a r  housing u n i t s  and 
loca t ions  from photographs. 
< 
T+is p a r t  of t h e  methodology should await on-the- 
ground est imates  by so c i o  log i s t s , geographers , 
o f f i c i a l s .  
poss ib le  t o  do it from aerial photographs. 
Since t h i s  can apparent ly  be done a t  
(3) I t  was noted . e a r l i e r  t h a t  a number of 
.. 
economists, and publ ic  hea l th  
ground l eve l ,  it may well be 
persons are disenchanted with t h e  
b 
content of t h e  Census publ ica t ions  and, t o  a lesser degree, with API-IA da ta .  
is f e l t  t h a t  multiband a e r i a l  photographs comprise an  add i t iona l  d a t a  source t h a t  
I t  
4oHarvey S. Per lof f  , "Knowledge Needed f o r  Comprehensive Planning" i n  Necded 
Urban and Metropolitan Research, Donald J .  Bogue (ed.) , "Scripps Foundation Studies  
i n  Population Distr ibut ion, ' '  No. 7 (Oxford, Ohio: Scr ipps Foundation, Miami Univer- 
s i t y ) ,  1953, pp. 12-13. 
"General s ta tements  t o  t h i s  e f f e c t  were made by severa l  panels  of geographers 
i n  Spacecraft  i n  Geographic Research, NAS-NRC, Publ icat ion 1353 (Washington, D.C . :  
1966). See i n  . pa r t i cu la r  t h e  following sec t ions :  Sett lement,  Population, and 
Hi s to r i ca l  Geography; Urban Data and Data Systems; Transportat ion and Linkages. 
42F.S. Chapin i n  h i s  very thorough book, Experimental Designs i n  Sociological  
William W. C l a r k  and J .  Harold Williams i n  t h e i r  publ ica t ion ,  "A Guide t o  t h e  
Research (New York: Harper and Brothers, 1947, Rev. 1955) , r e f e r s  t o  only one e f f o r t  
by soc io log i s t s  t o  t r e a t , t h i s  problem. 
Grading of Neighborhoods," Bull. 8, Whittier S t a t e  School, Whit t ier ,  Ca l i fo rn ia  
(1919) propose a f ive-sec t ion  s c a l e  f o r  r a t i n g  a neighborhood, town, small c i t y :  
- (1) ncatncss,  s a n i t a t i o n ,  jmprovcmcnts 
(2)  r c c r  ca t  ional  f a c i l i t  i c s  
(3) i n s t i t u t i o n s  and establishments 
(4) soc'ial s t a t u s  of r e s i d e n t s  
(5) average q u a l i t y  of homes. 
F.S. Chapin i n  The Measurement of Socia l  S t a t u s  (Minneapolis: Universi ty  of 
Minnesota Press  , 1933) attempted t o  gencrate  a socioeconomic s t a t u s  s c a l e  by 
measuring c u l t u r a l  possessions,  e f f e c t i v e  income, materi.a1 possessions,  and 
p a r t i c i p a t i o n  i n  t h e  group a c t i v i t i e s  of t h e  conununity. 
possessions,  measures t h e  contents  of t h e  l i v i n g  room as an ind ica to r  of socio- 
economic statist ics.  
he poss ib le  by inference  from sur roga te  . .  information ex t rac ted  from aerial  photo- 
graphs. 
The first p a r t ,  c u l t u r a l  
The present  study has suggested t h a t  such measurements might 
,, 
43 
could g r e a t l y  increase  t h e  f l e x i b i l i t y  of cur ren t  data sourccs. Supplementation 
'3 
penal ty  scores  assessed.  
use of s ta t i s t ica l  methods such as regress ion ,  sca le ,  and f a c t o r  ana lys i s .  
A l a r g e  group of par t ic ipa i i t s  might a l s o  j u s t i f y  ' the  
I .  
of  cur ren t  Census da t a  sourc'es by aerial photographs could conceivably cnhancc t h e  
q u a l i t y  and/or quan t i ty  of housing da ta  (or o the r  urban da ta)  i n  severa l  ways. 
An immediate need, therefore ,  is involvement of a g r e a t e r  number of persons 
in t e re s t ed  i n  such data.43 
author.  A l og ica l  exerc ise  would be f o r  o the r s  t o  do t h e  same. Such comparisons 
would obviously s t rengthen t h e  c r i t e r i a  se lec ted  as def ic iency  itcms and t h e  
The case s t u d i e s  have a l ready  been evaluated by t h e  
I 
- 
(4) Aerial  photographs i n  general could prove a usefu l  supplement t o  the. 
There i s  a d i s t i n c t  p o s s i b i l i t y  t h a t  self-enumeration as a method 1970 Census. 
f o r  t h e  1970 census of  housing could provide ser ious  room f o r  error .  
r en t ing  and persons owning might have q u i t e  d i f f e r e n t  views as t o  t h e  q u a l i t y  of 
housing f a c i l i t i e s .  
Persons 
This  condi t ion i s  not unknown t o  Census persons. 44 Aer ia l  
photographs, and p a r t i c u l a r l y  multiband photographs, might prove t o  be a very  
useful  means of  checking r e t u r n s ,  
(5) The time s l ice  captured on t h e  imagery i s  very  b r i e f ;  i . e . ,  t h e  dwell 
o r  imaging t ime is expressed i n  s p l i t  seconds. I t  is suggested t h a t  although much 
more work should be expended i n  t r e a t i n g  t h e  daytime imagery, it would be useful 
t o  conduct f l i g h t s .  a t  d i f f e r e n t  seasons of t h e  year. 
da t e sa re  promising, but  a more thorough explorat ion of  t h e  var ious p o s s i b i l i t i e s  
i s  rcquirccl t o  fu l ly"  t e s t  t h i s  proccdurc. 
The r e s u l t s  generated t o  
"Harvey S. Per lof f  i n  A Nat ioni l  Program of  Research i n  Housing and Urban 
Development, Resources f o r  t h e  Future, Inc. (Washington, D.C. : 1961) d iscusscs  t h e  
urban da ta  probleni (pp. 1, 9, 10, 14). 
%.S., Bureau of  t h e  Census, Self-Enumeration as a Method f o r  t h e  1970 Census 
I_ 
of Housing , p. 14,  Table lO--?ercentage Agrecnient Between Expcrt and Respondent 
Ratings oE Condition f o r  Iden t i ca l  Units by Tenure, f o r  Fort  Smith, Arkansas, 1962; 
a lso,  p. 15, subheading "Self Enumeration of Condition i n  t h e  Louisv i l le  SbfSA.'' 
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P r i o r i t i e s  
In  tcrms of p r i o r i t i e s ,  two d i s t i n c t  avenues of research are of prime 
import ante: 
(1) Ext.ension of t h e  approach suggested here  t o  imagery of a number of  
c i t i e s  o r  t o  imagery of  a wide v a r i e t y  of neighborhood types  i n  t h e  Chicago area .  
Data gencrated w i l l  provide a basis f o r  the app l i ca t ion  of sfcatistical tecliniques 
t o  dctcrminc appropr ia te  weights t o  be at tached t o  s t a t i s t i c a l l y  derived ind ica to r s  
of poor q u a l i t y  housing, This  ana lys i s  depends on 
(2) development of clear statements o f  d a t a  needs from p o t e n t i a l  u se r s ,  
e .g . ,  APIiA, Census (Housing), l o c a l  governments,. u n i v e r s i t i e s ,  business ,  e tc .  ' 
Since these  use r s  r equ i r e  da t a  f o r  s p e c i f i c  problems, they must con t r ibu te  t o  
t h e  i d e n t i f i c a t i o n  of da t a  requirements. 
. 
" I  
! 
, .  
i 
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APPENDIX A 
FLIGHT PLANS, 
, 
The imagery u t i l i z e d  i n  t h i s  study has been ex t rac ted  from t h a t  taken on 
I 
two sets o f  f l i g h t s  over t h e  Chicago test s i t e  #43.45 T h e - f i r s t  f l i g h t  was on 
' Friday, 19 November, 1965, and t h e  second on Thursday, 30 June, 1966. The 
multiband camera system su f fe red  a s e r i e s  of malfunctions during segments of 
each f l i g h t  ( s t a b l e  mount malfunction, repeated magazine malfunctions, acc iden ta l  
exposure of f i l m ,  mechanical f a i l u r e  of  multiband system, e t c . ) ,  and t h i s  has 
necess i t a t ed  combining imagery from t h e  two f l i g h t s  t o  develop a rep resen ta t ive  
sample of t h e  areas covered.by t h e  f l i g h t  l i n e .  I n  add i t ion  t o  f a i l u r e s  i n  t h e  
system duri.ng t h e  November f l i g h t ,  l i g h t i n g  was only  " su f f i c i en t "  due t o  a high, 
t h i n  overcast .  Demands made on t h e  Natural Resources Remote Sensing A i r c r a f t ,  
NASA 926, precluded postponing t h e . f l i g h t  u n t i l  af ter  a f o r e c a s t  r a i n  and snow 
storm had passed Chicago. 
Four l i n e s  were flown f o r  t h e  group a t  Northwestern University, '  Department 
of  Geography. 
t h e  Eisenhower Expressway, and runs  from t h e  "Loop" t o  Aurora, I l l i n o i s .  
Line 4, conta in ing  t h e  a reas  imaged i n  t h e  Case S tudies  over lays  
The 
November f l i g h t  was flown a t  1300 hours CST, and a t  an  a l t i t u d e  of  3000 f e e t  above 
datum. The J u l y  f l i g h t  was flown a t  1200 hours CST a t  a n  a l t i t u d e  of 2000 f e e t  
above datum. The imagery i n  t h e  Case 
c 
45National Aeronautics and Space 
Remote Sensing Aircraft. F l igh t  Data 
Studies  ranges over severa l  s t r e e t s  nor th  
Administration. Natural Resources Program 
Summary Report. NASA 926 CV-240A. Mission 
No., 14. 
Friday, 19 November, 1965, and, 
Remote Sensing Aircraft. F l i g h t  Data Summary Report. NASA 926 CV-24OA. Mission 
No. 25. 
Thursday, 30 June, 1966. 
F l i g h t  Research P ro jec t s  Branch, Manned- Spacecraft  Center, Houston, Texas. 
National Aeronautics and Space Adxin is t ra t ion .  Natural Resources Program 
F l igh t  Research P ro jec t s  Branch, Manned Spacecraft  Center, Houston, Texas. 
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and south of t h e  Eisenhower 
and f o u r  p r i n t s  cover a reas  
Expressway. Fourteen p r i n t s  cover areas i n  Chicago, 
i n  t h e  fashionable  Chicago suburb of Oak P a r k ,  
I 1 1 ino j. s , 
Plans o r i g i n a l l y  c a l l e d  f o r  t h e  f i l t e r  combinations shown i n  Table 12 ,  
Appendix B.  
f l i g h t ,  so  t h a t  t h e  November'imagery i s  not d i r e c t l y  comparable with t h a t  
obtained t h e  following June. 
Unfortunately, t h e  f i l t e r  combinations were changed i n  t h e  November 
. 
. . . %. . . 
- _  
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APPENDIX B 
. THE ELECTROMAGNETIC SPECTRUIP AND MULT~BAND 
(MULTISPECTRAL AERIAL PI-IOTOGRAPI-1Y 
I 
The electromagnetic spectrum classifies (according t o  wavelength o r  f r e -  
quency) a l l  energy t h a t  moves with t h e  constant v e l o c i t y  o? l i g h t  i n  an harmonic 
wave pa t te rn .  
and r e p e t i t i v e l y  spaced i n  t ime. 
Such energy i s  harmonic because t h e  energy waves a r e  equal ly  
The e s s e n t i a l  charac te r  o f  a l l  electromagnetic 
(e-m) waves is  t h e  same: 
frequency, and energy. Th? e f f e c t i v e  d i f f e rences  between t h e  components (see 
Table 9 which follows) of t h e  e-m spectrum a r e  only d i f f e rences  i n  t h e i r  i n t e r -  
they  d i f f e r  from each o the r  only i n  wavelength, 
ac t ions  with matter .  
Energy i n  i t s  in t e rac t ion  with matter  can e i t h e r  be: 
(1) 
(2) 
t ransmit ted,  t h a t  is, propagated through t h e  s o l i d  mat ter ;  
r e f l cc t ed ,  t h a t  is ,  returned unchanged t o  t h e  medium; 
(3) 
(4) 
absorbcd, t h a t  is, energy given up, l a rge ly  i n t o  heat ing t h e  matter ;  
emitted,  o r  more commonly, re-emitted by t h e  matter as a funct ion of temper- 
a t u r e  and s t ruc tu re ,  a t  t h e  same o r  d i f f e r e n t  wavelength, o r  
(5) sca t t e red ,  t h a t  is, de f l ec t ed  t o  one s i d e  and l o s t  u l t ima te ly  t o  absmpt ion  
o r  f u r t h e r  scatter. 
4GF01, a more complete discussion see  R. N. Colwell and o the r s ,  "Basic 
Matter and Energy Relationships Involved i n  Remote Reconnaissance," Photo- 
gramnietric Engineering, V, 29, 1963,'pp. 761-769, and, 
prammetric Engineering, Vol. 30, No. 6, 1964, pp. 1005-1010. 
. 
Earl S. Leonardo, "Capabi l i t i es  and Limitations o f  Remote Sensors," Photo- 
47F0r a descr ip t ion  of t h e  hardware see:  
-
' 
"Introduction t o  NASA 926 and 
t NASA 927 Remote Sensor Aircraft as Applied t o  t h e  Earth Resources Survey Pr,ogram," 
MSC, Houston, Texas, March 1966. , 
t 
: : .  
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TABLE 9 
THE ELECTROMAGNETIC SPECTRUM AND THE OPEMTING 
REGIONS OF REMOTE SENSORS 
E 
Energy 
A .  f 
Wave1 ength Frequency 
. A  0.03 
0 . 3  
3 
30 
! 
3 00 
0.3 
3 
30 
300 
0.3 
3 '  
30 
3 
30 
300 
b .  
A I 1 :;:::; . t 
A 10l2 X-Rays 
(Soft)  
. Region 
I .  
ili 
C 
A 
M 
E 
R 
A 
S 
A loll 1 / .  0.5 
/ 
0.6 
0.7 U 1 o9 
U i o8 
U 1 o7 Region 
I1 
2 Midd 1 e Infrared 
Inf ra red  
U 1 o6 
cm 1 os \ 4 
A i r -  5 
borne 
Radar 6 
Ground 
Radar 
A i r  
Nav . \ 
cm 1 o4 
cm 1 o3 Region 
I11 
~ VHF m .  1 o2 
A i d s  \15 
MI: -I m 10 \ 
20 
m 1 \ 
30 
r 
- .  
i 
. .  J 
. .  43 
. 
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TABLE 9--Continued 
DESCRIPTION OF BROAD SPECTRAL REGIONS 
Region I 
Region of  buantum ideas: 
Photons (pa r t i c l e -  l i k e )  . 
Generation pr imar i ly  by d i r e c t  energy input  
Material i n t e r a c t i o n  on microscopic l e v e l s  of: 
Nuclei 
P 1 asma s 
Atoms 
Molecules 
Region I1 
Region of mixed ideas  
Temperature co r re l a t ion  s t ronges t  
Mater ia l  i n t e r a c t i o n  on microscopic l eve l  
Molecular and atomic thermal p rope r t i e s  
Region I11 
Region of classical ideas  
Electric f i e l d s  E 
Magnetic f i e l d s  H 
Generation by o s c i l l a t i o n  of charges (or c lose- lying energy 
leve ls ! )  ( F i r s t  and e a s i e s t  region f o r  coherence,)  
Mater ia l  i n t e r a c t i o n  on microscopic l eve l ,  pr imari ly .  
Electrical and magnetic p rope r t i e s  
I 
Source: 
Summer Conference on Remote Sensing of Environinent for College Teachers 
of Natural  Sciences,  Universi ty  of Michigan, Ann Arbor, Michigan. 
Lecture notes  handed ou t  by Professor G .  J. Zissis a t  1966 
’ 
i 
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TABLE 10 
MULTIBAND CAMERA SPECTRAL BANDS 
Spec t r a l  Band 
t .  (mi! 1 
Frame . 11/65 6/ 66 .. Film 
' 1  385-500 400-500 Plus x 
11 2 '  430-560 450-510 
I 1  3 51 5-605* 520-550 
' 4  
5 
6 .  
7 
8 
9 
585-720 . 550-600 . 
11 51 5 -605* * 590-640 
645-720 670-720 11 
685-880 700-810 BGW In f r a red  
730-880 ' 810-900 I 1  
74 0-8 8 0 Full  f i l m  11 . 
range 
i 
Note: F l igh t  o f  11/65 used spec ia l  f i l t e r  configurations.  
. "Polarized perpendicular t o  l i n e  of  f l i g h t  
**Polarized i n  l i n e  of f l i g h t .  
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Since e-m waves d i f f e r  from each o ther  only i n  wavelength, frequency and 
energy, transmission, r e f l e c t i o n ,  absorption, emission and s c a t t e r i n g  of e-m 
energy by any kind of mat ter  are s e l e c t i v e  with regard t o  wavelength (d i f fe ren t  
wavelengths of  e-m energy i n t e r a c t  d i f f e r e n t l y  with mat te r ) ,  and a r e  spec i f i c  
f o r  t h a t  kind of matter ( the  i n t e r a c t i o n  i s  invar iab le) ,  depending pr imar i ly  
upon t h e  atomic and molecular s t r u c t u r e  of t h e  matter .  
Multiband Aerial Photography 
The ITEK nine-lens 70-mm. multiband camera obta ins  photographic coverage 
from 0.4 t o  0.9 microns. The coverage is subdivided i n t o  nine frames by t h e  
use  of nine 6-inch Leighty High-Resolution lenses  with a 2 l 0  square f i e l d  of 
view. 
exposures of t h e  same ground area. 
meter. 
Gelat in  f i l t e r s  are employed with each l ens  t o  t ake  nine simultaneous 
Resolution i s  from 20 t o  30 l i n e s  per m i l l i -  . 
Six of t h e  exposures are on two r o l l s  of 70-mm. panchromatic f i l m  and 
t h r e e  exposures are on one r o l l  of 70-mm. in f r a red  f i l m .  Eight of t h e  exposures 
represent  s igna tures  i n  e ight  d i f f e r e n t  narrowband por t ions  o f  t h e  e-m spectrum. 
The n in th  exposure i s  t h e  f u l l  s e n s i t i v i t y  range of t h e  I R  f i l m .  The format and 
f i l t e r  combinations are shown i n  Table 10. 
Image Motion Compensation (IMC) i s  provided i n  t h i s  system t o  reduce t h e  
e f f e c t  o f  smear due t o  a i r c r a f t  forward motion. 
t i o n  during exposure i s  opposi te  t o  t h e  f i l m  advance during IMC, r e s u l t i n g  i n  
a s l i g h t l y  elongated frame. 
In  t h e  ITEK camera, s l i t  d i rec-  
. .  I .  
i 
i '  
V/H information (ve loc i ty  i n  f e e t  per  second/height 
of  aircraft above datum i n  f e e t )  manually set i n  by t h e  operator  e s t ab l i shes  t h e  
IMC rate. This cont ro l  i s  c a l i b r a t e d  f o r  ranges of 150 t o  300 knots and 1,000 
t o  30,000 f e e t  a l t i t u d e .  
The most se r ious  f a c t o r s  a f f e c t i n g  image r e so lu t ion  are f l i g h t  condi t ions 
* I _  
and t h e  accuracy with which IMC is  matched t o  t r u e  ground speed and absolu te  
i 
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a l t i t u d e .  
r ada r  ground speed and r ada r  a l t i t u d e  information are  e s s e n t i a l  t o  h igh  q u a l i t y  
F o r  t hese  reasons,  gyro-s tab i l ized  camcra mounts as well as Dopplcr 
1 
imagcry. 
movement--may be encountered i n  rough a i r  a t  t h e  i n s t a n t  of exposure, and may 
be of a magnitude which cannot be  completely suppressed by t h e  s t a b l e  platform. . 
Some degradation of image r e so lu t ion  i s  unavoidable i n  t h i s  case. 
Random and momentary a i rcraf t  motions--pitching, yawing, l a t e r a l  
I 
* 
c 
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APPENDIX C 
I CASE STUDIES 
This p a r t  of t h e  s tudy is  e s s e n t i a l l y  ex,ploratory. In  involves a n a l y s i s  . 
and i n t e r p r e t a t i o n  of se lec ted  examples of ava i l ab le  imagery, and a f i e l d  check 
r epor t  of t h e  i n f e r e n t i a l  s ta tements  made about t h e  q u a l i t y  of housing i n  t h e  
study areas .  
.The imagery 
70 mm. multiband 
q u a l i t y  and t h i s  
* 
Selected Study Areas 
u t i l i z e d  i n  t h i s  s tudy i s  from an ITEK corporat ion nine- lens  
camera (Appendix B). The negat ives  f requent ly  a r e  not  o f  good 
f a c t o r  has a d e f i n i t e  bear ing on t h e  type  and extent  of  housing 
q u a l i t y  c h a r a c t e r i s t i c s  t h a t  can be observed i n  t h e  p r i n t s .  
l a r l y  t r u e  i n  bands 1, 2, 3 and bands 7,  8,  9. 
but  t h e  r e s u l t  does not appear t o  be q u i t e  so  de l e t e r ious .  
paper such as t h i s ,  it is not poss ib l e  t o  consider  t h e  cont r ibu t ion  of each 
frame t o  t h e  ana lys i s  and i n t e r p r e t a t i o n  o f  t h e  imagery. 
This  i s  pa r t i cu -  
Bands 4,  5, 6 are a l s o  a f fec ted ,  
In  an  exploratory 
Instead,  frames 1, 2, 
3, 4,  5, 6 of  t h e  v i s i b l e  p a r t  of t h e  spectrum w i l l  be used as a u n i t ,  as will 
frnaies 7, 8, 9 wi th in  t h o  i.nfrnrcd, 
The procedure has been t o  study t h e  p r i n t s  and make observations as t o  
what can be  seen a t  t h e  g rosses t  l eve l  of d e t a i l  and working down towards smaller 
0 
d e t a i l .  This  involves studying a p r i n t  and not ing any c h a r a c t e r i s t i c s  about t h e  
- .  
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p r i n t  which a re  ind ica t ive  of low q u a l i t y  housing.48 The study a t  present  i s  
not over ly  concerned with l abe l  l i ng  individual  houses, bu t  t h e  content of t h e  
e n t i r e  p r i n t s .  ‘ The p r i n t s  could be subdivided i n t o  a r b i t r a r y  s i z e s ,  bu t  w i l l  
not be here  because of accounting problems. (This approach becomes a ser ious  
def ic iency only.when var iegated c l u s t c r s  are found i n  a frame.) 
as a group, and t h e  environment, therefore ,  a r e  under study. The f i n a l  r e s u l t  
using t h i s  approach i s  an i n f e r e n t i a l  statement about quall’ty of  housing after 
Both t h e  houses 
summing t h e  housing and environment observations.  
are e s s e n t i a l l y  sur roga tes  f o r  housing q u a l i t y  and a r e  n o t , - a t  t h i s  s tage ,  
important i n  themselves. 
The environment observations 
a 
Ground t r u t h  operat ions have been c a r r i e d  out  by comparing t h e  f ea tu res  
extracted from t h e  a e r i a l  photographs aga ins t  observations made from t h e  car, and 
on foot .  Ground t r u t h  a t  t h i s  s t age  i s  concerned - only with v e r i f i c a t i o n  of t h e  . 
. r e s u l t s  of ana lys i s  and i n t e r p r e t a t i o n ,  t h a t  i s ,  concern i s  with co r rec t  i den t i -  
f i c a t i o n  of  f ea tu res ,  and not with v e r i f i c a t i o n  o f  d e f i n i t i o n s  o r  whether o r  not 
appra isa l  form content  is  complete. 
houses, a l l e y s ,  open a reas ,  and commercial-residential  intermixtures  t o  v e r i f y  
Photographs have been taken of  backs of 
ground t r u t h  observations,  and t o  f i l e  f o r  f u t u r e  t e s t i n g  c e r t a i n  i d e n t i f i c a t o r y  
charac te rs  which are observable a t  ground l eve l ,  bu t  were not  r e a d i l y  apparent 
48As a prel iminary move towards determination of what c o n s t i t u t e s  low qua l i ty ,  
t h e  following observat ions a r e  designated as  c h a r a c t e r i s t i c ,  and have g r e a t e s t  
r e1  i a b i l i t y  when used i n  combination: - d i r t  yards versus  ‘grass yards 
- yards covered with l i t t e r  versus  c lean  yards - d i r t y ,  i l l -de f ined  a l l e y s  versus  c lean,  well-defined a l l e y s  - yards with small per  cent  f r e e  space versus  yards with high per  cent  f ree  space - houses close t o  s t r e e t  versus  houscs s e t  back - high volume s t r e e t s  versus  r e s t r i c t e d  movement o r  cul-de-sac streets - bare  ea r th  parkways versus  grassy  parkways 
- h’ighly in tegra ted  res ident ia l -bus iness  d i s t r i c t s  where a number of bu i ld ings  
- houses without garages versus  houses with garages 
-'littered non-structure-supporting land versus  c lean  non-structure-supporting 
a r e  aggregated versus separated res ident ia l -bus iness  d i s t r i c t s  
land 
, - s i n g l e  access  s t r u c t u r e s  versus  dual access s t ruc tu res .  
I’) 
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a t  t h e  photo i n t e r p r e t a t i o n  s tage .  
i 
a 
I Negative 735--Frames 1, 2, 3, 4, 5, 6-- 
W. Congress Parkway, Chicago 
' (See Figure 2) 
Prints  of negat ive 735 conta in  t h e  following: 
8 c i t y  blocks , 
111 mult iple-uni t  dwelling s t r u c t u r e s  
5 commercial o r  i n d u s t r i a l  s t r u c t u r e s  
Land use  intermingling.--In add i t ion  t o  r e s i d e n t i a l  land use t h e r e  i s  a l a rge  bus 
depot, an i n d u s t r i a l  p l an t  covering one-half a ,b lock ,  and its parking l o t  which 
covers another one-sixth of  a block. 
and it appears t h a t  severa l  former bui lding foundations are s t i l l  out l ined .  
The parking l o t  is only two-thirds used ' 
The 
l o t  i s  not paved. 
Lot crowding.--The houses occupy most of t h e  l o t s  and leave only small amounts 
of yard space f o r  r ec rea t iona l  use.  
most of t h e  dwellings a r e  mul t ip le -uni t .  
Building frontages.--Almost a l l  of t h e  houses are within severa l  f e e t  of t h e  
sidewalk, leaving l i t t l e  o r  no room f o r  f r o n t  lawns. 
This  s i t u a t i o n  i s  p a r t i c u l a r l y  se r ious  s inde  
Eon-structure-supporting land.--There a r e  severa l  l a rge  vacant l o t s  o r  unused 
sec t ions  of land i n  t h e  study area .  P a r t i c u l a r l y  not iceable  i n  t h e  l o t s  a r e  
c o n t r a s t s  i n  tone  between d i r t  and grass ,  and t h e  l a rge  amount of l i t t e r  strewn 
over such land. 
Tlmroughfares . - - L i t &  i s  not iccable  011 t he  parkway ( s t r i p  bctween sidcwalk and 
s t r c e t )  near t h e  vacant l o t s  and i n  f r o n t  of houses on t h e  east-west running 
s t r e e t ,  and a l s o  on t h e  parkway which p a r a l l e l s  t h e  bus depot.  One parkway and 
severa l  s t r e e t s  are void of  t r e e s .  
surfacing mater ia l .  
Parking.--All s t r e e t s  i n  the  s tudy area are u t i l i z e d  f o r  parking purposes, several 
One a l l e y  exh ib i t s  l a r g e  cracks i n  t h e  road- 
/ 
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3 
3 
Figure 2.  Multiband 
W. Congress 
Imagery: Negative 735, .55-.60 microns 
Parkway, Chicago, November 19G5 
<' 57  
heavi ly .  
suggesting multiple-dwelling u n i t s ,  o r  overflow from business o r  some o the r  
employment agency (e .g . ,  s t r e e t  near bus depot ) .  
Recreation f a c i l i t i e s . - - P r i v a t e  f a c i l i t i e s  a r e  so re ly  l imi ted  due t o  lack of 
Even houses with garages i n  t h e  r e a r  have c a r s  parked i n  f r o n t ,  
yard space. 
s h e l t e r ,  shade t r e e s ,  o r  benches. 
Public f ac i l i t i e s  cons i s t  of a small park with no provis ion f o r  
Nuisance factors . - - In  t h i s  area t h e  movement of cars poses-a d e f i n i t e  hazard, 
s ince  t h e  one-way s t r e e t s  c o n s t i t u t e  a l a rge  por t ion  of non-covered land. 
Numerous turnings from t h e  bus depot l o t  have l e f t  an imprint on t h e  s t r e e t  
ind ica t ing  movement away from t h e  s tudy area .  
way i s  a high-volume s t r e e t ,  and t h i s  a r ea  a l s o  has  an off-ramp from t h e  
expressway. 
The s t r e e t  crossing t h e  express- 
4 
Fire  might be d i sa s t rous  i n  t h i s  area where t h e  houses a r e  s o  
c lose  toge ther .  
Buildings,--The bui ld ings  are q u i t e  similar i n  terms of  s t r e e t  alignment, 
Smoke can be seen bil lowing from one p l a n t .  
proximity t o  t h e  s t r e e t ,  proximity t o  one another,  f l a t  roofs ,  general  similar- 
i t y  of shape and s i ie .  
monotonicity of  surroundings, land crowding, lack of l i g h t  and a i r ,  and t h e  
ser ious  hazard of  f i r e  spreading quickly once s t a r t e d .  
Inherent i n  such a r c h i t e c t u r e  a r e  c h a r a c t e r i s t i c s  of 
The f la t  roofs  and 
l a r g e  cornices  suggest b r i ck  cons t ruc t ion .  The tone 
similar composition of roofing materials f o r  most of 
a spha l t i c .  i 
of t h e  roo f s  suggests a 
t h e  bui ldings,  probably 
(See Figure 31 
c 
The inf ra red  p r i n t s  revea l  t h a t  many of  t h e  yards have patches of bare  
ea r th ,  as does much of t h e  parkway. 
(cars ,  paths ,  e tc . )  but t h e  poor q u a l i t y  of  t h e  p r i n t s  precludes in t ens ive  s tudy 
of  t h e  p r i n t s  f o r  q u a l i t y  of  housing evaluation. 
These p r i n t s  a i d  i n  i d e n t i f i c a t i o n  of ob jec t s  
# 
Figure 3 .  Multiband Imagery: Negative 735, .70- -81  microns 
W. Congress Parkway, Chicago, November 1965 
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1 
Summary of Analysis and In t e rp re t a t ion  
This  area appears t o  contain poor q u a l i t y  houses on t h e  b a s i s  of  t h e  
f ea tu res  j u s t  noted. Although t h e  bui ld ings  appear s t r u c t u r a l l y  sound, t h e  
environment is  highly suggest ive of condi t ions not conducive t o  good hea l th ,  
sa fe ty ,  and amenities.  I n  terms of condi t ion of housing, t h e  bui ld ings  them- 
se lves  do not  d i r e c t l y  revea l  i n t e r i o r  qua l i t y ,  but e x t e r i o r  condi t ions are 
suggestive of substandard housing. 
I 
.. 
Ground Truth 
-. 
A f i e l d  check of  t h e  a rea  v e r i f i e d  most o f  t h e  c h a r a c t e r i s t i c s  noted above, 
and a t r a v e r s e  through t h e  area led  t o  t h e  same conclusion; namely, t h a t  t h e  ' 
buildings a r e  s t r u c t u r a l l y  sound f o r  t h e  most p a r t ,  but i n t e r i o r  condi t ions 
a r e  deemed substandard by inference frqm t h e  environmental condi t ions.  
checking revealed t h q t  l i t t e r  i n  t h e  a l l e y s  and along sidewalks i s  more exten- 
s i v e  than was determined by photo, i n t e r p r e t a t i o n .  
plumb by as much a s . s i x  inches,  but t h i s  could not 
These t h r e e  houses would be c l a s s i f i e d  as d i l ap ida ted  - 1  'in tha?  they cannot be 
r e h a b i l i t a t e d  and should be'dcmolished. 
but  t h e  o the r  nuisance factors (hazards i n  two cases), of  t raff ic ,  f i re ,  and 
Fie ld  
. ,  
Three s e s  are out  of  
determined from t h e  p r i n t s .  
3 ., 
t 
-. . i: i : 
Bus t ra f f ic  do not a f f e c t  t h i s  a r ea ,  
smoke are present .  
11 Negative 736--Frames 1, 2, 3, 4 ,  5, 6-- 
W. Congress Parkway, Chicago 
(So0 F i g u r o  4) 
P r i n t s  of negat ive 736 contain t h e  following: 
c 
7 c i t y  blocks 
1 of  t h e  7 blocks used f o r  i n s t i t u t i o n a l  purposes 
105 mult iple-uni t  dwelling s t r u c t u r e s  
20 commercial-residential s t r u c t u r e s  . 
b 
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Land use intermingling. --In add i t ion  t o  r e s i d c n t i a l  land use t h e r c  i s  consider- 
ab le  commercial land use,  and one block i s  occupicd e n t i r e l y  by a school. 
a r e a l  incidence of commercial land use  i s  high f o r  scvera l  blocks as i s  t h e  
l i n e a r  incidence,  
double width sidewalks, and lack o f  parkways. 
both the  severa l -  and mul t ip le -uni t  type.  
Lot crowding.--As i n  t h e  p r i n t s  from negat ive.735 t h e  s t r u c t u r e s  i n  736 occupy 
most o f  t h e  l o t  and leave only small amounts of yard’ space f o r  r ec rea t iona l  
use.  
The 
The commorcl’al s t r c c t  i s  evideiiced by lack o f  entranceways, 
Res ident ia l  s t r u c t u r e s  a r e  of  
f 
Again, i n  an a rea  o f ,mul t ip l e -un i t  dwellings,  t h e  amount of space a l loca t ed  
f o r  r ec rea t ion  i n  t h e  yard i s  minimal. The smaller bui ld ings  are usua l ly  
4 
accompanied by a garage, leading t o  a f u r t h e r  reduct ion of r ec rea t iona l  space 
i n  t h e  yard. 
Building frontages.--The r u l e  here ,  as i n  735, is f o r  t h e  bui ldings t o  be c lose 
t o  t h e  s t r e e t s ,  suggesting again e i t h e r  maximum land occupance per  l o t ,  o r  an 
attempt t o  aggregate f r e e  space i n  one sec t ion  o f  t h e  l o t .  
Non-structure-supporting land.--There a r e  severa l  small sec t ions  which appear t o  
have been c leared  of pre-ex is t ing  s t r u c t u r e s ,  and severa l  l o t - s i z e  p rope r t i e s  
which are void of  s t r u c t u r e s .  
Thoroughfares.--One lengthy parkway i s  completely void o f  curbing and i s  there-  
One of t h e  p rope r t i e s  i s  strewn with l i t t e r .  
fore  subject  t o  being dr iven  on by cars and t rucks  when they  park. 
strewn along severa l  s t r e e t s  and i n  several  a l l e y s  garbage appears t o  have s p i l l e d .  
Much of t h e  parkways- a r e  void of  t r e e s .  
L i t te r  is 
Parking.--Parked cars a r e  found i n  a l l  s t r e e t s  i n  t h e  s tudy a rea  as well as i n  
c 
one narrow a l l e y .  O f  t h e  two parking l o t s  i n  t h e  s tudy a rea ,  
t h e  o thcr  i s  d i r t .  
Recreation f a c i l i t i e s . - - P r i v a t e  f ac i l i t i e s  are so re ly  l imi ted  
crowding by s t r u c t u r e s ,  Publ ic  fac i l i t i es  are conn‘ected t o  a 
I 
one i s  paved and 
due t o  land 
small school and 
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cons i s t  o f  a d , i r t  yard approximately 15 by 60 yards i n  asea, with a l a rge  sand- 
p i l e . l o c a t e d  a t  one end. The playground is bounded on t h r e e  s ides  by busy streets, 
s t r e e t s  with obstructed view t o  ch i ldren  and motor i s t s  due t o  parked cars .  
Nuisance factors . - -Traff ic  i s  t h e  major nuisance f a c t o r  i n  t h i s  arca clue t o  
proximity t o  t h e  expressway, and two l a r g e  s t r e e t s  which go over the expressway. 
A l l  streets run through t h e  a i ea ,  severa l  of them one-way, leading t o  faster-moving 
and hence more dangerous t ra f f ic  with respec t  t o  s a f e t y  f o r  chi ldren.  The three 
s t r e e t s  which pass t h e  school are a l l  one-way. 
Buildings.--There are two types of r e s i d e n t i a l  bui ldings i n  t h i s  area, small and 
l a rge  mult iple-uni t  dwellings.  
s t ree t  alignment, proximity t o  t h e  s t r e e t ,  proximity t o  one another,  f l a t  roofs ,  
and general  s i m i l a r i t y  of  shape and s ize ,  as shown by t h e  cornices .  
The smaller bui ld ings  a r e  similar i n  terms of 
a 
The l a rge r  
bui ldings with t h e i r  courtyards serve  t o  break up t h e  monotony which t h e  smaller  
bui ldings tend t o  produce, and provide on some streets t h e  only extensive amount 
of  g ra s s  and shrubbery t o  be seen. 
br ick  s t r u c t u r e s  with composition of t h e  roofing ma te r i a l s  being a spha l t i c .  
only d i s jo in t ed  (gabled) roo f s  i n  t h e  s tudy a rea  a r e  those o f  t h e  school complex. 
The l a rge ,  f l a t  r o o f s  and corn ices  suggest 
The 
Negative 736--Frames 7, 8, 9-- 
W. Congress Parkway, Chicago 
(See Figure 5)  
The p r i n t s  c l e a r l y  revea l  d i r t  yards and lawns having l a rge  patches of bare  
ea r th ,  Although objec t  i d e n t i f i c a t i o n  is aided,  t h e  q u a l i t y  of  t h e  negat ives  
precludes d e t a i l e d  study’ of  s t r u c t u r e s .  
Summary of  Analysis 
This area appears t o  contain a l a rge  
. b a s i s  “of t h e  observations noted. Features 
o f  bui lding s t y l e ,  heavy t raff ic ,  and land 
and In t e rp re t  a t  ion  
proportion of  poor q u a l i t y  houses on t h e  
such as l o t  crowding, l i t t e r ,  r e p e t i t i o n  
use intc.riningling i n  combination a r e  
c h a r a c t e r i s t i c  of areas o f  low q u a l i t y  housing. 
6 3  
Ground t r u t h  v e r i f i e s  
qua l i t y .  The bui ld ings  a r e  
Ground Truth 
t h e  ove ra l l  evaluat ion of  t h e  arca as one o f  poor 
s t r u c t u r a l l y  sound, but by inference it i s  hypothesized 
t h a t  t h e  i n t e r i o r s  of  most of t h e  bui ld ings  .are substandard. 
f u r t h e r  revealed t h a t  a l a r g e  number of  t h e  residences have old,  d i lap ida ted  stairs 
behind them leading down from'the second o r  t h i r d  f l o o r ,  t h a t  many of  t h e  garages 
a r e  d i lap ida tcd  and out of  plumb, and t h a t  almost a l l  back yards contain l i t t e r .  
F ie ld  checking 
I11 Negative 752--Frames 1, 2, 3, 4, 5, 6-- 
Jackson Blvd., Chicago 
(See Figure 6) ' 
P r i n t s  of  negat ive 752 contain t h e  following: b 
3.5' c i t y  blocks 
.5 of  t h e  3.5 blocks a r e  used f o r  commercial purposes 
76 mult iple-uni t  dwelling s t r u c t u r e s  
47 s ingle-uni t  dwelling s t r u c t u r e s  
12 commercial o r  i n d u s t r i a l  s t r u c t u r e s  
Land use  intermingling,--In add i t ion  t o  two d i s t i n c t l y  d i f f e r e n t  housing types 
(discussed below) t h e r e  i s  cbmmercial intermingling on a t  leasf one s t r e e t ,  and 
t h e  area i s  bounded o n . t h e  south by l a rge  commercial bui ldings.  .Several res idences 
a r e  located on t h e  s t r e e t  which i s  dominated by commercial land use, Two l a rge  
parking l o t s  [one paved, one unpaved) and severa l  smaller  ones can 'be observed, as 
can a l a rge  vacant l o t  and s e v e r a l  smaller  s t r i p s  of  unused land. 
l incar  incidcnce of  noli-residential  land use i s  vcry h igh  in t h e  botto1n part. of 
t h e  negative.  c 
The a r e a l  and 
Lot crowding. --The majori ty  o f  s t r u c t u r e s  i n  t h i s  a r e a  occupy a l a rge  percentage 
of t h e , l o t  which they occupy, leaving only a. narrow s t r i p  of  land f o r  t h e  f r o n t  
lawn and a s l i g h t l y  l a r g e r  s t r i p  f o r  a back yard. 
a d i f f e r e n t  housing type,  however, where t h e r e  i s  both a l a rge  f r o n t  lawn and a 
There arc  several  c l u s t e r s  of 
Figure 5. Multiband Imagery: Negative 736, .71-.80 microns 
W. Congress Parkway, Chicago, June 1966 
I 
Figure 6 ,  Multiband Imagery: Negative 752, -55- .60 microns 
Jackson Boulevard, Chicago, November 1965 
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much l a r g e r  back yard. 
even l e s s  yard a rea  pe r  cap i t a ,  and s ince  most s t r u c t u r e s  hcre  a r e  mul t ip le -uni t ,  
The l o t s  occupied by multiple-family s t r u c t u r e s  a f ford  
l o t  crowding is  ser ious .  
Building frontages,--As j u s t  noted, f rontages  vary. 
a r e  set back severa l  feet from t h e  sidewalk, and t h e r e  i s  v a r i a t i o n  only at those  
places  where s t r u c t u r e s  of a d i f f e r e n t  type have been erected.  The mul t ip le -uni t  
dwellings show almost t o t a l  uniformity i n  o f fyse t  from t h e  street. The newer, 
.genera l ly  smaller ,  dwellings o f f e r  some va r i a t ion .  
Non-structure-supporting 1an.d.--As noted previously,  t h e r e  i s  one very l a r g e  p l o t  
o f  vacant land (could support  four  mult iple-uni t  s t r u c t u r e s )  and severa l  smaller 
On some s t r e e t s  t h e  bui ld ings  
f 
t . . I  ~ 
I 6  
' p l o t s .  There i s  a minimal amount of l i t t e r  on t h e  vacant land. 
Thoroughfares.--One s t r e e t  i s  a commercial s t r e e t .  
t i a l  s t r e e t s  o f  medium volume. 
curbed and have clean,  grasg-covered parkways. 
i n  width and composition. 
The o ther  s t r e e t s  a r e  , residen-  . >  
The a l l e y s  and s t r e e t s  a r e  c lean,  a l l  s t r e e t s  a r e  
The a l l e y s  appear t o  be  uniform 
I> . f * .  
Parking.--Off-street  parking fac i l i t i es  i n  t h i s  a r ea  of  mult iple-uni t  dwellings 
i s  l imited s ince  t h e r e  is only one s ingle-car  garage pe r  l o t .  Imagery taken a t  
n ight  would be more revea l ing  i n  t h i s  area.  The heavy on-s t ree t  parking a t  t h e  
bottom i s  t h e  overflow from t h e  non-res ident ia l  land use. 
1 
. /  
* > .  
Recreation f ac i l i t i e s . - -The re  a r e  no publ ic  r ec rea t ion  f a c i l i t i e s ,  and p r i v a t e  
f a c i l i t ' i e s  are l imi ted  due t o  land crowding and l o t  crowding. 
not jritlicatc recreational land uso. 
Building. --This a rea  exh ib i t s  two d i s t i n c t  housing types,  l a rge  and small mult iple-  
The vacant l o t  does 
* 
dwelling u n i t s ,  and s ingle-family dwelling un i t s .  The multiple-dwelling s t r u c t u r e s  
are f la t - roofed ,  have l a r g e  cornices ,  are almost uniform i n  length and width f o r  
each s i z e  respec t ive ly ,  are c l o s e  t o  t h e  s t r e e t ,  c lo se  toge ther  ( l i t t l e  l i g h t  and 
a i r  f o r  apartments located along s ides ,  e spec ia l ly  those  on lower l e v e l s ) .  
, 
i 
The 
G7 
single-family dwcl.lings (and occasional duplex) have peaked gabled roofs cement 
walks around t h e  house, more yard space, a r e  s e t  back f u r t h e r  from t h e  road, and 
t h e  d is tance  between s t r u c t u r e s  i s  g rea t e r .  
Negative 752--Frames 7 ,  8, 9-- 
Jackson Blvd., Chicago 
I (See Figure 7) ' 
The poor q u a l i t y  of  t he  'imagery makes i n t e r p r e t a t i o n  d i f f i c u l t .  It appears 
t h a t  lawns throughout t h e  area a r e  i n  good condition, and no bare  ea r th  can be 
detected with ce r t a in ty .  
number of t r e e s  d i s t r ibu ted  throughout t h e  r e s i d e n t i a l  area,  and t h a t  t r e e s  a r e  
The inf ra red  imagery a l s o  reveals t h a t  t he re  a r e  a l a rge  
I .  -. 
almost nonexistent i n  t h e  non-resident ia l  a rea .  ' 
Summary of Analysis and In t e rp re t a t ion  
This a rea  has many o f  t h e  c h a r a c t e r i s t i c s  which previously pointed t o  poor 
4 qua l i ty  housing. 
ameliorating e f f e c t .  
However, t h e r e  a r e  o the r  f ac to r s  i n  t h i s  a rea  which have an 
There a r e  a number of single-family houses i n  t h e  area,  
t h e  boulevards and s t r e e t s  a r e  c lean,  t h e  yards,  vacant l o t s ,  and a l l e y s  a r e  not 
strewn with l i t t e r ,  t he re  is no apparent immediate source o f  smoke o r  noise .  
appears t o  be a r e l a t i v e l y  clear-cut  demarcation between r e s i d e n t i a l  and non- 
r e s i d e n t i a l  land 'use,  and t h e  intermingling w i l l  pose a problem of  a ser ious  
natJare only i f  t h e  l a rge  vacant l o t  centered i n  t h e  r e s i d e n t i a l  block is  a l loca ted  
There 
t o  business use. 
because of t h e  ex t r a -  vehicular  movement t h a t  a 'now-resident i a l  s t r e e t  would have 
Invasion of t h i s  type would d e t r a c t  f rom t h e  overa l l  q u a l i t y  
t o  bear. 
t a t i o n  program, o r  both. 
This a rea  appears t o  have undergone e i t h e r  a conservation o r  a r e h a b i l i -  
c 
.' 
. Ground Truth 
, 
Ground t r u t h  v e r i f i e s  t h e  ove ra l l  evaluation of  t h e  area a s  having a number 
of c h a r a c t e r i s t i c s  associated with poor q u a l i t y  housing, but being r a t h e r  an area 
I 
/ 
i 
7 
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of apparent conservation o r  r e h a b i l i t a t i o n .  
due t o  overcrowding o f  land by bui ld ings  and bui ld ings  by dwelling u n i t s ,  bu t  
environmental condi t ions poin t  t o  good q u a l i t y  i n  t h e  i n t e r i o r  of t he  bui ldings.  
Living condi t ions a r e  s t r a ined  
Almost a l l  e x t e r i o r s  a r e  br ick ,  and appear t o  be sound. 
IV Negatiye 202--Frames 1, 2,  3, 4, 5, 6-- 
Polk S t r e e t  W., Chicago 
(See Figure 8) - 
P r i n t s  of negat ive 202 c0ntai.n t h e  'following: 
6 c i t y  blocks 
193 mult iple-uni t  dwelling s t r u c t u r e s  
27 s ingle-uni t  dwelling s t r u c t u r e s  + 4 
Land use intermingling. --The a rea  imaged i s  almost completely r e s i d e n t i a l .  
appears t o  be a l a rge  i n s t i t u t i o n a l  o r  business complex bounds t h e  a rea  t o  t h e  
What 
soutlseast. 
i n  t h e  a rea  t o  support an add i t iona l  21  average-size mult iple-uni t  dwelling 
In addi t ion  t o  a highway i s l and ,  t h e r e  i s  s u f f i c i e n t  vacant land 
s t ruc tu res .  
Lot crowding.--There i s  extreme crowding on l o t s  supporting a mult iple-uni t  s t ruc -  
t u r e  and a garage as well. Single-unit  dwellings leave a not iceably l a r g e r  amount 
of land f r ee ,  as do what appear t o  be two-family dwellings.  
Building frontages.--There i s  considerable va r i a t ion  i n  s t r e e t  f rontages i n  t h i s  
s tudy area .  On t h e  t h r e e  higher  volume streets a l l  s t ruc tu res ,  both s ingle-  and 
mult iple-uni t ,  are between 8 and 10 f e e t  from the  sidewalks. 
. 
On t h e  lower volume, 
more r e s i d e n t i a l  s t r e e t  , both s ingle-  and mult iple-uni t  dwellings are about 20 
f e e t  from t h e  sidewalk. In t h i s  area t h e  v a r i a t i o n  i s  markedly d i f f e r e n t  from 
areas  considered thus  far. 
u n i t  dwellings on each s t r e e t ,  but tlle s t r e e t  alignments are d i f f e r e n t  from one 
r 
The s ingle-uni t  dwellings a r e  a l igned with t h e  mult iple-  
another. 
Non-structure-supporting land.--As noted previously t h e r e  i s  s u f f i c i e n t  vacant land ' 

' 
7 1  
i n  t h e  study a rea  t o  support a t  least a score  of t h e  average-size niult iple-unit  
dwelljng s t ruc tu res .  The l a r g e r  l o t s  a r e  strewn with l i t t e r ,  as a r e  sevcra l  o f  
t he  smaller vacant l o t s .  The amount and dimensions of tlie r e fuse  suggests a 
demolition program which has l e f t  remnants o f  t h e  demolit ion ly ing  about.  
i s  one paved parking l o t  i n  t h e  a rea .  
Thoroughfares.--In t h i s  a r ea  t h e r e  i s  one high-volume s t r e e t ,  two r e l a t i v e l y  high- 
volume s t r e e t s ,  and one r e s i d e n t i a l  s t r e e t  which does not  j o i n u p  d i r e c t l y  with 
another s t r e e t ;  i .e . ,  it forms t h e  stem f o r  a ' I  r I t  'with an a l l e y .  
are curbed, and two of  t h e  higher  volume s t r e e t s  a re  separated from t h e  sidewalks 
by a grass  s t r i p  (parkway). 
o r  re fuse  and a r e  very narrow. 
facing.  Hence, t h e r e  may be combinations of d i r t ,  concrete,  and asphal t  a l l eys .  
There 
I 
A l l  t h e  s t r e e t s  . 
c 
The a l l e y s  without exception are l ined  with l i t t e r  
They are not uniform i n  dimension, o r  i n  sur-  
Parking.--All streets i n  t h e  s tudy a rea  a r e  u t i l i z e d  f o r  on-s t ree t  parking, par- 
. ,  
1 t i c u l a r l y  t h e  smaller r e s i d e n t i a l  s t r e e t .  Not every dwelling s t r u c t u r e  (both 
s ingle-  and mult iple-uni t )  has a garage, and t h i s  f a c t o r  may account f o r  some 
on-s t ree t  parking. However, t h e  high proportion o f  mult iple-uni t  dwelling s t ruc -  
t u r e s  probably generates  an abundance of cars which simply cannot be accommodated 
by t h e  small garage located t o  t h e  rear of  each apartment bui lding.  
Recreation f a c i l i t i e s . - - P r i v a t e  f a c i l i t i e s  a r e  a funct ion of l o t .  crowding, a ser ious  
problem i n  t h i s  area. The smaller  s t r u c t u r e s  have, as a r u l e ,  about one-third 
of t o t a l  land space ava i l ab le  as f ree  land. The l a r g e r  s t r u c t u r e s ,  on t h e  o ther  
hand, have only from about o n e t h i r d  t o  one-eighth o f  t o t a l  land ava i lab le  as 
free space. 
more high. 
publ ic  recrea t ion  f a c i l i t i e s .  
Xuisance fac tors . - -Traf f ic  hazards exis t  here ,  a s  i n  many areas .  
t h i s  area might prove t o  be dangerous t o  ch i ldren  playing, and it might a l s o  provide 
This condition i s  exacerbated where s t r u c t u r e s  are. two s t o r i e s  o r  
A p l o t  of land covering two ' l o t s  and apparent ly  paved, may provide 
, 
The re fuse  i n  
/ 
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harborage f o r  vermin. I t  i s  sca t t e red  over vacant l o t s ,  a l l e y s ,  and yards. 
Buildings. --Although t h e  bui ld ings  a r e  q u i t e  s i m i l a r  i n  terms o f  s t r e e t  alignmcnt, 
and c l u s t e r s  of s t y l e s  are evident throughout t h e  study area ,  t h e r e  i s  not over- 
whelming monotony i n  t h e  s tudy area. 
designs. The arrangement of t h e  houses i s  one of mixture; i .e . ,  although t h e  
s t y l e s  a r e  c lus te red ,  t h e r e  is  a mixture of  s t r u c t u r e s  on four  d i f f e r e n t  s t r e e t s .  
On four  s t r e e t s  one s i n g l e  s t y l e  preva i l s .  
f l a t  versus peaked roo f s ,  tone of roofing m a t e r i a l s , ’ s i z e  and shape o f  bu i ld ings ,  
he lp  determine s t r u c t u r e  sty1.e and composition. Several  s t r u c t u r e s  which measure 
* 
There a r e  a t  l e a s t  f i ve  d i f f c r e n t  housing 
- 
Charac te r i s t i c s  such as cornices,  
approximately 20 by 30 feet appear t o  have sheds at tached t o  t h e  rear. 
may be an ind ica t ion  of  conversion of houses which o r i g i n a l l y  were probably 
This 
I 
designed t o  s h e l t e r  one family. 
. Negative ZOZ--Frames 7, 8 ,  9-- 
Polk S t .  W., Chicago 
[See Figure 9) 
The inf ra red  imagery i n  t h i s  a rea  suggests d i f fe rences  i n  g ra s s ,  e . g . ,  new 
versus o ld ,  hea l thy  versus  diseased.  
darkest  lawns i n  t h e  v i s i b l e  imagery are not t h e  most r e f l e c t i v e  imagery i n  t h e  
This  is  suggested by t h e  fact t h a t  t h e  
. 
I R  [ in f ra red) .  
l o t s  are unorganized land, i . e . ,  they a r e  not  cared f o r  but  a r e  simply overrun 
From t h i s  very important fact it can be deduced t h a t  t h e  vacant 
by weeds, and a s t r a i n  of grass  which appears t o  survive t o  a degree without care.  
The I R  c l e a r l y  ind ica t e s  cared-for  versus uncared-for lawns. F ina l ly ,  t h e  I R  
revea ls  bare  ea r th  over most of  t h e  parkway area .  
Summary o f  Analysis and In t e rp re t a t ion  
For exaniple, a t  t h e  time of t h e  ’ There are severa l  anomal.ies i n  t h i s  area. 
f l i g h t  t h e r e  was poss ib ly  one recreatio;:  area,  and only very  l imi ted  p r i v a t e  
r ec rea t ion  f a c i l i t i e s .  There i s  heavy on-s t ree t  .parking; t he re  i s  considerable 
vacant land strewn with rubbish; l o t  crowding i s  prevalent  ( i . e . ,  one- third t o  one- 
/ 
- 
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eighth of l o t  space f r ee ) ;  houses are aligned t o  t h e  s t r e e t  i n  c l u s t c r s .  On 
- ( .  
the  o ther  hand, new housing designs appear t o  be malting inroads on what a t  onc 
time may have been an a rea  e n t i r e l y  covered by high-density mult iple-uni t  dwclling 
s t ruc tu res .  
loca t ing  houses away from t h e  street. 
ind ica t ions  o f  t h e  very e a r l y  s t ages  of a r e h a b i l i t a t i o n  and/or renewal scheme. 
Clus te rs  o f  substandard housing p e r s i s t ,  bu t  ind ica t ions  a r e  t h a t  t hey  a r e  t o  be 
removed. 
t o  t h e  small amount of f ree  space ava i l ab le  i n  yards supporting multiple-family 
As well as t h e  d i f f e r e n t  housing designs t h e r e  is  some v a r i e t y  i n  
This  a rea  would the re fo re  appear t o  contain 
I 
Patches o f  lawn i n  yards of t h e  smaller  s t r u c t u r e s  a r e  i n  g rea t  con t r a s t  
s t ruc tu res .  
l i v i n g  condi t ions but  may be undergoing a renewal program. 
A l l  i n  all., t h e  a r c a  appears t o  be one which provides very poor , 
Ground Truth 
?he outstanding c h a r a c t e r i s t i c  i n  t h e  area iyaged i n  n.egative 202 is t h e  
l i t t e r  and garbage which i s  strewn over t h e  a rea .  
l o t s ,  i n  t h e  a l l e y s ,  on t h e  parkways, on t h e  sidewalks, and i n  t h e  back yards. 
I t  is  found over a l l  t h e  vacant 
A l a rge  number of  houses a r e  i n  d i s r epa i r ,  having broken s t a i r s ,  sh ingles  and 
. boards missing; and lean-to type sheds at tached t o  t h e  rear of houses. 
and lawns are void of grass ,  cement f l o o r s  i n  back yards a r e  t h e  remnants of  
garages, many "garages" have doors so  small t h a t  a s tandard-size  c a r  could not 
en ter .  Tlie a l l e y s  a r e  narrow, and a r e  made narrower by t h e  re fuse  and garbage 
Parkways 
b a r r e l s  which are d i s t r i b u t e d  throughout t h e  a l l e y .  
covercd with cinder  from furnaccs ,  as well as b icyc le  frames, p a r t s  o f  cars, e t c .  
Some yards have c inder  ins tead  of  grass  cover. 
Most of  t h e  vacant l o t s  a r e  . 
+ 
V '  Negative 20S--Frames 1, 2 ,  3, 4 ,  5, 6-- 
Lexington S t r e e t  W., Chicago 
(See Figure 10) 
i 
P r i n t s  o f  negative 208 contain t h e  following: 
,/ 
I , 4 c i t y  blocks 
- -  
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1 3  
101 
8 
22 
2 
1 
I 
multiple-dwelling u n i t  s t r u c t u r e s  
apartment bu i ld ings  [more than G households) 
co nun e r  c i a 1 -res i dent i a 1 s t r uc t u r  e s 
i n s t i  t u t i o n a l  bui ldings 
I 
se rv ice  s t a t i o n  and l o t  
Land use intermingling. --The amount o f  land use intermingling is  apparent from 
the above l i s t .  
except i n  t h e  case of one s t r e e t  covering t h r e e  blocks wherc t h e r e  a r e  indica-  
t i o n s  of 2 1  commercial s t ruc tu res .  
con~ le rc i a l  o r  i n s t i t u t i o n a l  en te rp r i se  on t h e  corners ,  and some dwelling u n i t s  
a r e  probably located on t h e  second f l o o r  o f  bu i ld ings  which have commercial a c t i -  
The commercial establishments a r e  genera l ly  confined t o  corners,  
The r e s i d e n t i a l  s t r u c t u r e s  a r e  bounded by 
* 
v i t y  a t  s t r e e t  l e v e l .  The small i n d u s t r i a l  shops a r e  located pr imar i ly  along one 
s t r ee t ,  shar ing t h e  street with 20 r e s i d e n t i a l  s t ruc tu res .  
Lot crowding.--Lot crowding i s  evident here ,  but it i s  not  ser ious,  i . e . ,  i n  many 
l o t s  one-half t h e  l o t  i s  f r e e  space.  This occurs pr imar i ly  where t h e  l o t  does 
not support a garage. 
t h e r e  i s  considerable  f r ee  space both i n  f r o n t  of and behind t h e  s t ruc tu re .  
supporting i n d u s t r i a l  bu i ld ings  (warehouses , possibly)  are completely cover'ed. 
The bui ld ings  a r e  almost touching, but on severa l  s t r e e t s  
Lots 
Building frontages.--In t h e  a rea  imaged t h e r e  i s  considerable v a r i a t i o n ,  both 
within and among s t r e e t s ,  
comparison t o  t h e  f l a t - roo fed  s t ruc tu res .  
The bes t  i nd ica to r s  a r e  t h e  peak-roofed s t r u c t u r e s  i n  
The l a t t e r  are usua l ly  aligned t h e  
same d is tance  from t h e  sidewalk, whether it be G f e e t  f o r  a l l  o r  20 f e e t  f o r  a l l ,  
whereas t h e  peak roofed s t r u c t u r e s  vary from l o t  t o  l o t ,  and they  may be G f e e t  
o r  20 f e e t  from t h e  sidewalk. 
Non-s~ruc tu re - suppor t j . n~  land. --There a r e  two vacant l o t s ,  one  i n  t h e  r e s i d e n t i a l  
area, and one i n  tlic sinal1 i n d u s t r i e s  area., Five parking l o t s  are c lose ly  
associated t o  t h e  conimercial a rea ,  and none a r e  i n  t h e  r e s i d e n t i a l  area. '  One of 
c 
I 
/' I 
7 7  
i 
tile parl<ing l o t s  and both vacant l o t s  arc strewn with l i t t e r .  In  thc case  of 
t h e  r e s i d c n t i a l  l o t ,  i nd ica t ions  a r e  t h a t  rubble  o f  t h e  former s t r u c t u r e  rcniains. 
Thorouphfarcs. --There are t h r e e  r e l a t i v e l y  high-volume strccts,  and two lcsser- 
volume s t rccts  i n  t h e  area imaged. 
s t r e e t s  arc curbed, and a11 but one are separated from t h e  sidewalk by a curb,  
The l a t t e r  two are  pone-t\~a.y s t rects .  A l l  
The a l l e y s  a r e  no t  o f  r egu la r  dimension, bu t  are inf r inged  upon by fcnces and 
r e fuse  p i l e s .  A l l  t h e  a l l e y s  are strewn with l i t t e r .  In  terms of  composition 
they  appear t o  cons i s t  of  combinations of  d i r t ,  a spha l t ,  concrete.  
Parking.--In add i t ion  t o  t h e  parking l o t s  u t i l i z e d  i n  t h e  business  a reas ,  t h e  
s t r e e t s  are  vehicle-supporting. Most r e s i d e n t i a l  p rope r t i e s  contain a garage, o r  
open space designed t o  provide parking area. 
b 
Recreation f a c i l i t i e s . - - ” h e r e  are no pub l i c  r ec rea t ion  faci l i t ies  of  an open area 
type.  P r iva t e  f ree  space i s  considerable ,  but  i s  a f f ec t ed  by t h e  l a rge  amount of  
* 
1 l i t t e r  strewn over  both f r o n t  and back yards.  
Nuisance fac tors . - -Traf f ic  poses a hazard here.  S t r e e t s  c o n s t i t u t e  t h e  l a r g c s t  
segments o f  non-structure-supporting land, the-reby c r e a t i n g  a dangerous “recreat ion” 
area. The most obvious hazard, however, is re fuse .  I t  i s  widespread, found i n  
vacant l o t s ,  a l l e y s  and yards.  
a harborage f o r  rodents.  Noise (from t raff ic)  and g l a r e  (from business  s t r e e t s )  
I t  is  a p o t e n t i a l  source o f  d i sease ,  and provides 
might a l s o  be present  here.  
Buildings.--The predominant s t r u c t u r e  type i s  t h e  two- o r  t h ree - f loo r  mult iple-  
dwelling-unit  s t r u c t u r e  meastiring about 25 fec t  i n  width by 50 t o  60 f e e t  i n  
length.  
by t h e  cornices .  
throughout t h e  area. 
f e e t ,  and these  bui ld ings  arc f la t - roofed .  
a13 s t ruc tu res .  
Tlicy are  f la t - roofed ,  and t h e i r  dinicnsions a r c  usua l ly  c l c a r l y  out l ined  
A number of smalle;, peak-roofed s t r u c t u r e s  a r e  in te rspersed  
There i s  a t h i r d  housing type,  measuring about 25 by 50 
There are s ta i rs  leading i n t o  almost 
Access t o  t h e  s t r u c t u r e s  from t h e  hidewalk i s  usua l ly  by means 
78  
of one s m a l l  segment of sidewalk. There a r e  only a few cases where a sridcwalk 
runs alongside t h e  s t r u c t u r e  leading t o  a s i d e  o r  r e a r  entrance.  
Negative 208--Frames 7, 8, 9-- 
Lexington S t .  W . ,  Chicago 
(See Figure 11) 
The infrar'ed imagery c l e a r l y  revea ls  t h e  d i f fe rences  between f r e e  space 
covered with grass  and t h a t  covered with bare  ear th .  
usua l ly  accompanied by grass-covered land, both i n  t h e  rear  yard, t h e  f r o n t  yard, 
and t h e  parkways. 
highly cor re la ted  with d i r t  yards and bare  e a r t h  i n  t h e  parkways i n  f r o n t  o f  t h e  
s t ruc tu res .  The g ras s  a reas  assoc ia ted  with t h e  l a r g e r  s t r u c t u r e s  a r e  obviously 
The pcak-roofed houses are 
On t h e  o the r  hand, t h e  rnultiple-dwelling-unit s t r u c t u r e s  are 
poorly cared f o r  i n  comparison t o  t h e  smaller ,  and apparent ly ,  single-family un i t s .  
The q u a l i t y  of t h e  imagery i s  not  good, but t h e  con t r a s t  i n  f rec  space charac te r -  
i s t i c s  is  s o  g rea t ,  t h a t  even poor q u a l i t y  imagery i s  usefu l .  
Summary o f  Analysis and In t e rp re t a t ion  
This a rea  i s  one which i s  extremcly de f i c i en t  i n  terms o f  providing safe, 
' 
heal thy,  and amenable l i v i n g  condi t ions.  There is  not  a c l e a r  separa t ion  of 
business and r e s i d e n t i a l  
publ ic ,  open r e s i d e n t i a l  
remains, and much of t h e  
a minority of  houses and 
land use ,  t h e r e  i s  widespread evidence o f  l i t t e r ,  no 
land, bu i ld ings  have been demolished and the  rubble  s t i l l  
f r e e  space is  uncared-for by loca l  r e s iden t s .  There are 
prope r t i e s  which exh ib i t  c leani iness .  
Ground Truth 
The summation and preceding statements were i n  
There a r e  severa l  bu i ld ings  which are f i e l d  check, 
I awaiting demolition. Several  s t r u c t u r e s  exhib i t ing  
A number' o f  s t r u c t u r e s  t h e  same outward condition. 
- 1  
t h e  main subs tan t ia ted  by t h e  
uninhabited and appear t o  be 
"For Rent" s igns  a r e  i n  about 
have had windows replaced by 
boards. A l a rge  nuniber of garages remain s tanding only because they  a re  leaning 
\ 
t 
i 
agains t  another.  
worse whcn secn i n  t h e  f i e l d .  
Thc f i l t h  of  t h e  area appears g r e a t  from tIic imagcry, bu t  i s  even 
Building counts when chccked out were found t o  be 
very c losc ,  as iwre t h e  evaluat ions of  s t r u c t u r e  condi t ion.  
s t r u c t u r c s  are nea te r  than the f la t - roofed  bui ld ings  almost without exception. 
The peak-roofcd 
Sonk business  a c t i v i t i e s  were hard t o  check out  evcn i n  t h c  f i e l d ;  t h a t  is, some 
1 
buildings combined r e t a i l i n g ,  warehousing and i n d u s t r i a l  production, bu t  t h e  
separa t ion  o f  business  and r e s i d e n t i a l  u s e  was accurate .  
even worse l i v i n g  condi t ions from t h e  ground than fr'om t h e  imagery, which was 
This  area, then, o f f e r s  
designated as substandard throughout niuch o f  t h e  area imagcd. 
V I  Negative 758--Frames 1, 2., 3 ,  4 ,  5, 6-- 
Van Ruren h e . ,  Oak Park, I l l i n o i s  
(See Figure 12) 
P r i n t s  of  negat ive 755 contain t h e  following: 
. 5 c i t y  blocks 
. 160 peak-roofed, s ing le -  o r  two-family s t r u c t u r e s  
' 5 apartment bu i ld ings  
5 commercial bu i ld ings  -- Land u s e  intermingling.--There i s  one commercial s t r ee t  on t h e  per iphery of t h e  
r e s i d e n t i a l  a r ea ,  Three l a r g e  apartment bu i ld ings  are intermingled with t h e  
business  act ivi t ies  , while t h e  o the r  two s t r u c t u r e s  'are separated from the business  
area and located within t h e  s ingle-family s t r u c t u r e  :area. 
c___I_- Lot crowding. --The multiple-dwelling u n i t  s t r u c t u r e s  occupy almost t h e  complete 
lot. On t h e  o the r  hand, t h e  s ing le -  o r  two-family s t r u c t u r e s  leave, on t h e  averzge, 
about f o r t y  p e r  cent  of t h e  l o t  as frse space. 
than f i f t y  p e r  cent,  and as much as 66 per  cent. 
BuiScling frontages.  --Frontages vary almost from house t o  house, 
houses are set  back from t h e  sidewalk between 1 2  and 15 f ee t ,  but  t h e  range is  
6 and about 80 feet .  
In some cases free space is g rea t e r  
On t h e  average, 
/ 
I 
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Kon-s t~ruc ture-su l~por t ing  land ,  --There are two l o t s  which are vacant.  
grass-covered, and both a r e  l i t t e r - f r e e .  
rear o f  a business establishment and could support about 18 automobiles. 
Thoroughfares.--There are f o u r  r e s i d e n t i a l  s t r e e t s  and one conimcrcial s t r c e t .  
130th are  
c
The s ing le ,  paved parking l o t  i s  i n  t h e  
One 
r e s i d e n t i a l  s t r e e t  i s  c u r r e n t l y  undergoing r epa i r .  The s t r e e t s  a r c  c lean,  as a r e  
t h e  a l l eys .  
are grassed. 
~ark ing . - -Only  one of  four  s t r e e t s  supports more than s i x  autos .  
I 
The a l l e y s  are paved with concrete.  A l l  parkways a r e  curbed, and a l l  
There does not appear t o  be one ,pa tch  of  bare  ea r th  on t h e  parkways. 
This is a s t r e e t  
- 
which i s  cu r ren t ly  undergoing r e p a i r .  There are both t rucks  and cars parked, SO 
t h a t  they may i n  fact belong t o  t h e  workers, The small concentration of cars on 
one street i s  j u s t  o f f  t h e  commercial street ,  and may be overflow. Almost every 
1 
l o t  has provis ion f o r  o f f - s t r e e t  parking. 
Recreation fac i l i t i es . - -There  are no open, publ ic  r ec rea t ion  f a c i l i t i e s  imaged, 
but  t h e  amount of privately-owned f r e e  space i s  considerable ,  i n  every yard. In 
quan t i t a t ive  terms, t o t a l  f r e e  space pe r  l o t  averages about 800 square f e e t .  No . 
yard appears t o  have less than 500 square f e e t  of  f r e e  space, and one has about 
1600 square f e e t  of f r e e  space. 
Nuisance f ac to r s . - -Tra f f i c  may be a hazard here, p a r t i c u l a r l y  i f  t r i p s  t o  and from 
t h e  commercial a r e a  t r a v e l  over t h e  imaged s t r e e t s .  
Buildings.--The majori ty  o f  r e s i d e n t i a l  s t r u c t u r e s  a r e  co lonia l  s t y l e .  Other 
s t y l e s  present  include ranch, and s p l i t - l e v e l .  There i s  g rea t  v a r i e t y  i n  s t y l e s  
created by dormers, 'cement walks, pa t io s ,  awnings, e t c .  There is  an impression 
of "newness" o r  "cleanness" about t h e  a rea ,  as t h e r e  a r e  no splotches of t a r ,  
o r  patches of roof ing  ma te r i a l s  t o  bc seen. 
. 
The apartment bui ldings with f l a t  
roofs  and white cornices  s tand out i n  con t r a s t ,  as do t h e  commercial bui ldings.  
I The in f r a red  imagery 
Nbgative 758--Frames 7, S, 9-- 
Van Buren h e . ,  Oak P a r k ,  Ill. 
(See Figure 13) 
makes obvious t h e  care  which has  been exercised by 
Figure 13. Multiband Imagery: 70- .81 microns 
Van Buren Ave., Oak Pa 
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property owners t o  produce o r  preserve shrubbery and grass-covcrcd p l o t s  and 
parkways. 
ca r th  by t h e  I R  imagery. 
There is  not -one yard o r  sec t ion  o f  parkway which i s  shown as bare 
The la rge  number of  t r e e s  i s  a l s o  apparent. 
Summary of Analysis and In t e rp re t a t ion  
This a rea  contains  modern houses, t h e r e  i s  ample p r i v a t e  yard space, yards 
a r e  grass-covered i n  f r o n t  and back, a l l  houses have dual  egress ,  and streeits, 
parkways, and a l l e y s  a r e  clean. 
commercial and . i ndus t r i a l  a c t i v i t y .  
a r e  numerous, a l l  l o t s  have provis ion f o r  veh ic l e  accommodation. There is  a 
This is  a r e s i d e n t i a l  a rea  separated from 
There is  v a r i e t y  i n  house alignment, t r ee s  
minimum of  non-structure-supporting land, a poss ib le  ind ica to r  o f  t h e  d e s i r a b i l i t y  
of land i n  t h i s  area.  This The free land and t h e  parking l o t  a r e  void of l i t t e r .  
a rea  then, is  modern i n  housing s t y l e ,  and c lean  and verdant i n  t h e  surroundings. 
Ground Truth , 
The summation i s  v e r i f i e d  by f i e l d  checking. The a rea  contains  nea t  co lon ia l ,  
ranch, and s p l i t - l e v e l  houses. 
new coat  of pa in t  when compared t o  t h e  o thers .  
Only one house i n  t h e  a r e a  appeared ready f o r  a 
Yards are grass-covered, c lean,  
and spacious. S t r e e t s ,  a l l e y s ,  parkways a r e  clean. The bui lding count was 
accurate .  One r e l a t i v e  d i f f i c u l t y  might be t o  attempt a s t r u c t u r e  count of  each 
s t y l e .  
VI I 
The a rca  imaged i n  p r i n t s  of negat ive 203 i s  contiguous t o  t h e  a r e a  imaged 
i n  p r i n t s  o f  negat ive 202. 
c l a s s i f i c a t i o n s  such as land use  intermingling, l o t  crowding, bui lding frontages,  
The two areas  a re  almost i den t i ca l  i n  terms of  
’ 
e tc .  
similar. 
The summary statement i s  t h e  samc, i . e . ,  housing and surroundings are very 
re  14.  nd Im e 203, .55-.60 microns 
t W., Chicago, June 1966 

Figure 16. 
Figure 17. Multiband Imagery: 
Lexington S t r e e t  W., 
Figure 18. Multiband Imagery: Negative 759, 550-600 microns 
Van Buren S t . ,  Oak P a r k ,  I l l . ,  November 1965 
Van Buren St.., Oak P a r  
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VI11 Negative 209--Frames 1, 2,  3 ,  4,  5, 6 ,  7, 8, 9-- 
Lcjcington S t r c e t  w., Chicago , 
(See Figure 16 and Figurc 17) 
Arcas imaged i n  p r i n t s  of  negat ives  208 and 209 are contiguous. There i s  no 
d i s t i n c t  o r  even notab le  d i f f e rence  betwcen t h e  two areas ,  e i t h e r  with respec t  t o  
housing o r  surroundings. 
t 
IX Negative 759--Frames 1, 2,  3 ,  4, 5, 6 ,  7 ,  8; 9-- 
Van Euren S t r e e t ,  Oak.Park, Ill. 
(See Figure 18 and Figure 19) 
Areas imaged i n  p r i n t s  of negat ives  758 and 759 are contiguous. There is  no 
d i s t i n c t  ' o r  even notable  d i f f e rence  between t h e  two areas ,  e i t h e r  with respec t  t o  
housing o r  surroundings. 
Conclusion 
Nine ncgat ives  o r  eighty-one frames of  multiband imagery have been uscd as 
sources of housing q u a l i t y  da ta .  
Six more have been analyzed and in t e rp re t ed  and f i e l d  checked. 
t h i s  repor t  which is e s s e n t i a l l y  exploratory,  an a r b i t r a r y  cut-off  po in t  was 
A t  l e a s t ,  n ine negat ives  have been reported.  
However, t o  complete 
imposed on d a t a  co l l ec t ion .  The meaning of t h e  case  s tud ie s  i s  developed by 
comparing them with what t h e  APHA and t h e  Census have done i n  housing q u a l i t y  de te r -  
mination and presenta t ion  of data. 
c 
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APPENDIX D 
SIGNATURES 
I t  has been es tab l i shed  ,(Appendix C) t h a t  c e r t a i n  f ea tu res  o r  c h a r a c t e r i s t i c s  
of  f ea tu re s  can be extracted from multiband a e r i a l  photographs. 
included t o  note  t h e  s igna tures  of some fea tu res  considered i n  t h e  study. Among 
the  more prominent f a c t o r s  used i n  ident i fy ing  f ea tu res  are (1) shape, (2) s i z e ,  
(3) tone (co lor ) ,  (4) pa t t e rn ,  (5) shadow, (6) s i t e  (topographic loca t ion ) ,  and 
This  appendix is  
I .  
(7) t ex tu re .  
This por t ion  of t h e  s tudy i s  again exploratory.  Some time has been spent 
by photo- in te rpre te rs  i n  developing keys, but  considerably l e s s  time appears t o  
have % e m  spent towards developing a s igna ture  key. 
obviously merits ser ious  considerat ion i f  scanning’ operat ions by machine a r e  t o  . 
This  i s  an operat ion which 
i’ 
be e f f ec t ive .  In  Chapter I1 and Appendix C it i s  noted t h a t  ana lys i s  and i n t e r -  
p re t a t ion  were based on a s soc ia t ion ,  i . e . ,  f ea tu re s  were not s tud ied  pe r  se ,  but  
i n  combination with o the r  fba tures .  
s igna tures  o f  f ea tu re s  i n  general ,  but  r a t h e r  upon those  f e a t u r e s  which have 
The s t r e s s  here  is  not  upon ident i fy ing  t h e  
been previously noted as important f o r  housing q u a l i t y  s tud ie s .  
fea tures  and a p a r t i a l  l i s t  of t h e i r  s igna tures  ( iden t i f i ca to ry  charac te rs )  a r e  
Some of  t hese  
noted below : 
I’cs i d  en9 i 3  1 structure-- 
shape (roofs , cornices)  
c 
s ize  (longer than wide, occupies 50% t o  100% of  l o t )  
p a t t e r n  (alignment along s t r e e t ,  sidewalk) 
t one  (constancy of roof material r e s u l t s  i n  r egu la r  tone  which d i f f e r s  
from surroundings; tone of cornices  o u t l i n e s  bui ld ings)  
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i n d u s t r i a l  s t r u c t u r e -  
s ize  ( l a rge r  than s inglc-uni t  dwcllings,  but  may be smaller than 
mu1 t i p  1 e -uni t dwell ings)  . .  
shape (rectangular ,  almost f l a t  roof ,  c y l i n d r i c a l  smokestack) 
a s s o c i a t i o n .  ( t rucks i n  loading area) 
I 
tone  (var ia t ion  i n  yard area, e.g . ,  l i t t e r ,  garbage, junk var ies  with 
d i r t ,  asphal t  1 
commercial s t ruc tu re - -  . - .  
assoc ia t ion  (wide sidewalks, no d i s t i n c t  entranceways i n t o  bui ld ings ,  
awnings, parked cars on s t r e e t ,  l ack  o f  boulevards) 
* 
one-way streets- - 
p a t t e r n  (vehicles  po in t ing  i n  t he  same d i r e c t i o n  on both s i d e s  of  t h e  
s t r e e t ;  tu rn ing  marks l e f t  by buses lcaving dcpot; both t r a f f i c  
lanes  facing red  l i g h t  occupicd, no vehic les  wai t ing i n  
lanes .on l i n e  with stopped vehic les )  
smoke -- 
shape (of cloud 
tone  ( l i g h t  o r .da rk  cloud, con t r a s t s  with surroundings) 
lawns -- 
shape (out l ined by fences) 
tone  (if lawn a l l  grass ,  tone  cons tan t ,  i f  lawn p a r t l y  bare ,  tone  
varies; bes t  shown by IR--bare e a r t h  has  d i f f e r e n t  r e f l e c t i v i t y  
than  grass )  
a s soc ia t ion  (along streets;  between houses and s t reets  , behind houses) 
1 itt er  -- 
I tone  (both l i g h t  and dark f l e c k s  spread over a rea)  
a s soc ia t ion  ( i n d u s t r i a l  land vacant l o t s ,  a l l e y s ,  low q u a l i t y  housing) 
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parking l o t s - -  
tone (uniformly dark tone i f  asphal t  paved, uniformly l i g h t  tone i f  
concrete  paved, i r r e g u l a r  tone i f , n o t  paved, e.g., d i r t  o r  
c inder)  
assoc ia t ion  (adjacent t o  la rge  apartment bui ldings,  commercial o r  
I 
i n d u s t r i a l  land use)  
shape (usual ly  rec tangular ,  but i f  not paved, a r ea  of g r e a t e s t  usage 
usua l ly  out l ined  by grass  f r i n g e )  . 
The importance of developing such keys is  made evident when t h e  process o f  
urbanizat ion i s  conside~red. 
United S t a t e s  (Metropolitan, areas a re ,  by d e f i n i t i o n ,  made up of  one o r  more c e n t r a l  
In 1960 t h e r e  were 212 metropol i tan a reas  i n  t h e  , 
c i t i e s  and an amorphous group of suburbs beyond t h e  c e n t r a l  c i t y  l i m i t s  which 
includes c i t i e s ,  towns, v i l l a g e s ,  and r u r a l  o r  semirural  a reas  within t h e  same o r  
adjacent  county. 
near ly  two-thirds of t h e  e n t i r e  population of  t h e  United S ta t e s  res ided  within 
Population must be equal t o  o r  g rea t e r  than 50,000).  In 1960 
t hesc  212 metropolitan areas--113 mi l l ion  persons of t h e  nationwide t o t a l  o f  179 
49 mil l ion .  
Indicat ions a r e  t h a t  t h e  urbanizat ion process w i l l  con t inue ,~and  est imates  ca l l  
f o r  75 per  cent o r  more of a.11 r e s iden t s  of  t h e  United S ta t e s  l i v i n g  i n  metropolitan 
areas by 1980. Pressures f o r  information about c i t i e s  is  a l ready  being experienced, 
and ind ica t ions  a r e  t h a t  they a r e  going t o  be exacerbated i n  years  t o  come. Clear ly  
morc t i  inc and thought must be expendccl towards increasing the  c f f i c i ency  and 
c o n ~ ~ ~ ~ c l ~ c ~ i s i v c n c s s  of  methods of gcnerat ing urban da ta .  
p a r t i c u l a r l y  t h e  multiband v a r i e t y )  i a y  o f f e r  a p a r t i a l  so lu t ion  t o  t h e  problem. 
Aerial  photography (and ’ 
‘ 
4gAdvisory Commission on Intergovernmental Relat ions,  Metropolitan Social  and - 
Econoinic Di spa r i t i e s  : 
C i t i e s  and Suburbs, p. 1. 
Implications f o r  Intergovernmental Relations i n  Central 
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APPENDIX E 
SCALE ANALYSIS 
This sec t ion  i s  concerned with t h e  appl ica t ion  of  an a n a l y t i c a l  technique 
t o  housing q u a l i t y  da t a .  To f a c i l i t a t e  mat ters ,  N. E .  Green's e f f o r t s  w i l l  
again be examined (as they  were i n  Chapter 11). 
cisms l eve l l ed  aga ins t  Green may f i n d  it worthwhile t o  read "Scale Analysis of 
Urban St ruc tures :  
. .  Readers in t e re s t ed  i n  t h e  c r i t i -  
A Study of Birmingham, Alabama," i n  i t s  e n t i r e t y .  
The scale ana lys i s  method hypothesizes t h a t  c e r t a i n  ca tegor ies  of  d a t a  
c o n s t i t u t e  a sca l ab le  continuum. Green's paper considered a continuum of housing. 
qua l i ty .  The fou r  items upon which Green based h i s  paper on s c a l e  ana lys i s  have 
already been subjected t o  c r i t i ca l  examination i n  Chapter 11. They are r eca l l ed  
here  i n  t a b u l a r  form 
TABLE 11 
ITEM AND CATEGORY DEFINITIONS FOR SCALE OF RESIDENTIAL DESIRABILITY 
Category Def in i t ions  - 
Item No. Subject Negative (A) Neutral (B) Pos i t i ve  (C) 
1 Zonal l oca t ion  Inner Midd 1 e Outer 
2 Prevalence o f  30% 30-60% 60% 
single-family 
homes 
3 Dwelling-unit 30 19-30 =18 . 
. dens i ty  
4 General land Unfavorable 
us e character-  c 
ist ics 
Favorable 
8 The four  items se l ec t ed  by Green as ind ica to r s  of  r e s i d e n t i a l  d e s i r a b i l i t y  
yielded a t o t a l  o f  eleven response ca tegor ies  ( three  trichotomous items and one 
dichotomous item) which i n  t u r n  generated e ight  scale types  on t h e  hypothet ical  
. 
continuum of res5dent ia l  d e s i r a b i l i t y .  (see Table 1 2 ) .  That i s ,  
TABLE 12  
SCALE OF RESIDENTIAL DESIRABILITY FOR TWENTY-EIGHT 
CENSUS TRACTS I N  BIRMINGHAM, ALABAMA 
Scale  Tract Item Number and Response Category Scale  
Type No. C B A Score 
3 
X 
X 
2 
X 
x 
X 
X 
X 
X 
X 
X 
X 
- 
- 
X - 
4 
X. 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X - 
3 2 1  A 3 2 1  
I 
I 
14 
X 
X 
14 
14  
12 
1 2  
I 
I1 
X 
I1 
11 
I1 
12  
12 (3; ** - 
I11 
' I11 
I11 
I11 
. x x x  10 
x x x  10 
x x x  10 
. 10 
I V  . 
I V  
I V  
I V  
X - x x  
x x x  
- 
x x x  8 
x x x  8 
I 
t 
! 
I 
I '' 
! 
1 
i 
! 
" I 
I V  
V X - x x  
X - x x  * V I  
V I  
V I  
4 (61 
4 
4 
x x  x x  
x x  x x  
x x x x  V I  I 
' V I 1 1  
V I 1 1  
V I 1 1  
V I 1 1  
0 
X - x x '0 (2) 
x x x x  0 
x x x x  0 
x x x x  0 
X - 
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Item n'umber and Ilesponsc Category Sca 1 e Scale  Tract  
Type NO. C I3 A Score 
3 2 1 4  3 2 1  4 3 2 1  
V I 1 1  x x x x  0 
V I 1 1  x x x x  0 
V I 1 1  x x x x  0 
Frcquency , 5 9 11 16 12  11 10 12 11 8 7 (112) 
HTrors , 2 2 0 1  1 0 0  1 1 0 0  
* 
** 
*** 
"Incorrect" response t o  s c a l e  ana lys i s .  
"Correct" l oca t ion  of  response according t o  scale ana lys i s .  
Actual score  r e s u l t i n g  from "incorrect;" response t o  scale ana lys i s .  
t h e  s c a l e  scores  are a continuum, with consecutive s c a l e  types d i f f e r i n g  by a 
a 
sco re  of two. 
The s c a l e  scores  were obtained by Green i n  h i s  s tudy by assigning weights of 
4,  2, and 0 r e spec t ive ly  t o  t h e  pos i t i ve ,  n e u t r a l ,  and negat ive ca tegor ies  o f  t h e  
trichotomous i tems and wcights of 2 and 0 r e spec t ive ly  t o  t h e  favorable  and 
unfavorable ca tegor ies  of  t h e  dichotomous item. Therefore,  t h e  values under C 
are 4, 4, 4 ,  and 2; under B, 2, 2, 2, and under A, 0 ,  and 0, 0, 0 i n  t h e  second 
t a b l e .  
The assignment of  such weights i s  a very important element of  t h e  scalogram. 
According t o  Green, t h e  first t h r e e  items, zonal locatj.on, prevalence of s ing le-  
family homes, and dwelling-unit  dens i ty  pe r  block are equal ly  important i nd ica to r s  
of housing q u a l i t y  ( r e s i d e n t i a l  d e s i r a b i l i t y )  , and general  land use c h a r a c t e r i s t i c s  
i s  only h a l f  as imporqtant as t h e  o the r  t h r e e  items. 
such weights have been s t a t i s t i c a l l y  der ived , a s e r i o u s  omission. 
lliere i s  no ind ica t ion  t h a t  
c 
*,, , 
* .  
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